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- ‘TRANSLATOR’S PREFACE. 


‘Tus acknowledged fame of the celebrated au- 
thor of thefe Traéts, and the importance of his 
numerous difcoveries, are too well eftablifhed to 
require any additional confirmation here. His. 
mame has juftly been inrolled with that of the | 
moft illuftrious European phyfiologifts : and his 
works will ever remain an emblem of genius and 
refearch. All bear indifputable evidence of pro- 
found inveftigation into the phenomena of nature, 
and of the moft comprehenfive and enlightened 
underftanding. Probably the following treatifes 
on the Natural Hiftory of Animals and Vegetables 
will rank with the firft of his productions; for 
the new, fingular, and intereiting matter they 
contain will be an equal fource of pleafure and 
admiration to the philofophic reader. | 


adil 
pont “te 


PREFACE, 


The unaccountable theory of fpontaneous ge: 
neration made great and rapid progrefs towards 
the middle of laft century : it was even embrac- 
ed by naturalifts of no inconfiderable merit. Mr 
Needham, in fupporting a fyftem which he firm- 

‘ly believed, attacked or mifcon{trued fome of the 
author’s principles, who, in his turn, retorted 
with uncommon feverity. This controverfy oc- 
cupied a confiderable portion of the firft Traé&, 
but part of it is here omitted ; for it is certainly 
needlefs to revive any thing concerning a doétrine 
now totally exploded. | Whoever beholds the ° 
animalcula of infufions, either with the naked 
eye or a microfcope, in my opinion, can demand 
no other evidence of their animation, which was 
the principal point in difpute. All the other 
Tracts are preferved entire as in the original, 


Several notes are fubjoined, chiefly in illuftra- 
tion of general points, and fometimes in explana- 
tion of the text. But this is not a mode of 
writing to be recommended ; for it diftracts the 
attention from the fubject, and too frequent op- 
portunities occur of making ufelefs remarks, 
Perhaps it will always be preferable, if pothble, 
to connect obfervations of this kind in fuch a 
manner as to form a brief differtation, which is a 
much better way for a commentator to illuftrate. 
The preliminary remarks will in a certain degree 


fupply 
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fupply the place of other elucidations. But an — 
ample field wall found for many more than 


” 


are there. * 


I muft acknowledge, that I have fometimes 
been at a lofs to difcover the exa&t fpecies of 
feeds which the author ufed for infufions. He 
feldom or never gives fpecific names; and in 
Scotland little is yet known of Italian botanical 
fynonyms. However, itis of lefs importance, as 
many different infufions will produce the fame 
animalcula. In’ my own obfervations on thefe 
fingular animals, during feveral years, ‘I believe I 
have difcovered almoft the whole which have 
been the fubje& of the author’s confideration. A 
few I have not fourid, or have been unable to re- 
cognife. 


It will eafily be perceived, that the Treatifes on 
Animal Reproduétion originally formed no part 
of the Traéts. Therefore the reader may reafon- 
ably inquire, why he finds them here.—Such in- 
veftigations may properly conftitute a fixth fub- 
je, on which as great learning and ingenuity 
are beftowed as on the refit. ‘This is a ftudy which 
feems to have made lefs progrefs in Britain than 
on the Continent; there are few or no original 
experiments in Englifh, and fome of the follow- 
ing tracts are difficult to be procured: therefore 
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it appears right to convert what may be obtained 
to ufe. There is complete evidence that a deca- 
pitated {nail will acquire a new head, notwith- 
ftanding the numerous difcordant opinions and 
experiments. For this celebrated difcovery we 
are indebted to Spallanzani, who has confidered 
the various reproductions of animals more pro- 
foundly and comprehenfively than any other au- 
thor: indeed, a very great portion of what is 
known concerning them we owe to him. ‘The 

firft Memoir on {nails is entire; but the fecond, : 
where the author enters copioufly into his own 
defence, is much abbreviated. It is true, all the 
matter is preferved, but the keennefs and redun- 
dancy, which ever attend controverfy, can give 
no pleafure to thefe whofe more ufeful refearches 
are directed to facts. For of what avail are opi- 
nions unlefs eftablifhed on faéts? Even the 
foundeft analogical reafoning is too often to be 
diftrufted. | 


In thefe Memoirs, feveral redundancies will oc- 
¢ur, but it. was impoflible to avoid them. M., 
Bonnet’s whole treatife may appear in this light. 
~ However, in one refpet, it may be ufeful, name- 
ly, from the apparent correctnels of the engrav- 
ings. It is by figures chiefly that we are more 
eafily enabled to underftand fuch intricate fubjeéts 
of natural hiftory : M. Bonnet’s are more diverfi- 

fied 
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fied than thofe of the other two Memoirs; and as 
this Memoir was added to the laft edition of the 
‘Tracts, independent of the excellence of the matter 
which it contains, the reader will not be difpleafed 
to fee it reprinted. Although Spallanzani makes 
repeated allufions to an extenfive work on ani- 
mal reproduétions, he never publifhed any thing 
refpeting the reproduCtions of water newts, ex- 
cept what is in his Propromo. ‘The author of 
his Literary Life informs us, that he confidered. 
the defect had been fully fupplied by M. Bonnet, 
and he therefore abandoned the defign of pub.” 
lifhing his Refearches on Animal Reproduc- 
tions ;—-a determination deeply to be regretted 
by every philofopher. All that is contained in 
thefe volumes on this fubject, was at firft intend- 
ed for a feparate publication. 


It may fafely be affirmed, that we are indebted | 
to the friendfhip fubfifting between the two phi- 3 
lofophers for whatever portion of this work is 
written by M. Bonnet. Their efteem was mu-. 
tual. Spallanzani‘tranflated La Contemplation de 
la Nature into Italian ; and propofed to tranflate 
La Palingenefie allo. However, 1 believe, the 
Inquifition oppofed it : at leait, itis faid, that the. 
tranflation of the work was prohibited by this 
formidable tribunal. | 
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‘The difference between the ftilé of Spallan-' 
zani and Bonnet is inconceivable. In general, 
that of the former is natural and perfpicuous : 
the meaning is eafily comprehended, for it is in 
a manner analyfed. Bonnet, on the other hand,: 
is commonly prolix, and very often obfcure ; and 
it is fometimes with extreme difficulty that his: 
real fentiments can be difcovered. Several of 
his writings feem never to have undergone cor- 
rection ; and a literal tranflation, even abridging 
the innumerable tautolegies and redundancies,: 
founds uncouth in Englifh. Notwithftanding thefe 
imperfections, he is unqueftionably a great philo- 
fopher ; he has. profoundly inveftigated nature, 
and his authenticity is unchallenged. | 


Although Spallanzani was reputed the firft 
| phyfiologift of the age in which he lived, in one 
refpett he was certainly moft unfortunate. The 
truth of his experiments was difputed ; nay, his: ‘ 
veracity itfelf was called in queftion. Nor was. 
this done by the ignorant, weak, or malignant,, 
who are ufually the firft to labour for the dif- 
covery of error, but by philofophers of eftablifh- 
’ ed credit, learned and liberal. Not only has the 
author’s own defence elucidated any doubt that 
attended his principles,.but the lateft experiments. 
on the fame abftrufe and difficult fubjeéts have: 

3 | tended 
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tended to prove them true, and given them ad- 
ditional weight. | 


In his whole writings, the author uniformly 
teftifies the utmoft contempt of nomenclators. 
Yet we muft allow that nothing is more ufeful 
than corre&t nomenclature ; for it refts both on 
defcription and phyfiology. This fecond quali- 
fication, it is true, has not met with fufhicient at- 
tention ; and the extraordinary anxiety of moft 
modern naturalifts for claflification, from external 
appearances, las occafioned the neglect of real 
phyfiology ; therefore, the confequence has been 
continual-alterations. Indeed, if both are to be 
obferved, they will fometimes be at variance 
with common underftanding. Such as placing 
bats, whales, and dolphins, in the fame clafs 
with mankind. Thefe arrangements, however 
jult, are at firft repugnant to received opinions ; 
and many will feel the fame repugnance at.ad- 
imitting medufee, actiniz, {nails, and animalcula, 
into the clafs of vermes. 


It has often furprifed me very much, that fo 
few foreign works of high authority are tranflat- 
ed into Englifh, and almoft never until a con- 
fiderable interval after publication; nor do | 
think that any good reafon will eafily be afligned. 
Affuredly it is not becaufe they are iound prefer- ° 
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able in the original, becaufe they are very fel- 
dom to be procured in that ftate ; and this diffi- 
culty of procuring the foreign authors is un- 
doubtedly very detrimental to the literature of 
the nation: for difcoveries and obfervations, well 
known on the continent, are frequently a long 
time dormant here. But the intercourfe of coun- 
- tries, and the rapid progrefs of civilization, will — 
tend more and more to the diffufion of fcience. 


‘PHYSIOLOGICAL REFLECTIONS, 


be ; ON am aiinlaie/ 


NATURAL HISTORY Galbntn? 
OF 


ANIMALS AND VEGETABLES. 


J, ANIMALCULA oF InFUsIons.—Even in this 
advanced ftage of {cience, we are intimately ac- 
quainted with the natural hiftory of only a few 
of the larger animals which are daily in view. 
The particular age when they begin to generate 
is known ; we can calculate the period of gefta- 
tion ; we have learned what food is unfuitable to 
their nature; and fometimes it may be difcovered 
whether they are healthy or difeafed. ‘Thefe ge. 
neral facts have been attained by reiterated and 
evident obfervation.— Yet of the fecret vital phe- 

' nomena, 
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nomena, and of the life of a favage animal, our 
knowledge is limited indeed.—The original caufe 
of exiftence is in the moft profound obfcurity ; 
we are in the utmoft ignorance why the offspring 
of an animal aflumes a determinate figure; why 
the increment of one part is more rapid than 
that of another; and why the fize of the whole 
is at laft confined within certain bounds. No fa- 
tisfactory reafon has hitherto been affigned, why 
the capacity of either fex to generate does not 
arife until a certain age; for the very different 
duration of. geftation by different females, or 
the variety in the time of incubation. And al- 
though we contemplate the progrefs of a. difeafe 
that ends m death, it is feldom that we can either 
tell what is the real origin of it, or the caufe why 
exiftence ceafes. Moft of the animals, which 
have been the fubject of obfervation, we have.en- 
deavoured to domefticate, but thofe that roam in 
the defert, dwell on lofty mountains, are hid in 
the earth, or concealed in the recefles of the ocean, 
are hardly known to us by name.—ls there any 
wonder, therefore, that, fo many centuries have 
pafled away, before the properties of beings, al- 
moft as minute as we conceive the particles of 
matter, have been invettigated ? 


‘The animalcula of infufions conftitute a clafs 
in the animal kingdom, on which the learning 
and, 
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and icimoanitey of philofophers have been equally 
exercifed. ‘Their infinite multitudes, their varie- 
_ ties, the places of abode, and above every thing, 
their extreme minutenefs, have all confpired to 
_ retard our inquiries into their real nature. Let 
one conceive himfelf, in a moment, conveyed to 
a region where the properties, the figure, and 
motion of every animal are unknown, and he 
will be able to form fome idea of what infufion 
animalcula are. The amazing variety of figure be- 
held at once, and their motions, will firft attract 
his attention. Oneis a long flender line, another is 
an eel or a ferpent. Some are circular, elliptical, 
and globular, others cylindrical or triangular. 
One is a thin flat plate, another like a number 
of articulated reeds. Several have along tail, al- 
moft invifible, or the pofterior part is terminated: 
by two ftrong horns. “One is like a funnel, an- 
other like a bell, and many cannot be referred to 
any object familiar to our fenfes. Certain animal- 
cula can change their figure at pleafure. Some- 
times they are extended to immoderate length, 
then contracted almoft into nothing; fometimes 
curved like a leech, ftretched or coiled like a 
fnake. At one moment an animalcule is inflat- 
ed, and the next itis flaccid. Some are perfed- 
ly opaque; fome fcarcely vifible, from extreme 
tranfparency. Numbers have no apparent or- 
gans ; and many are covered. with tubercles or 
| briftles. 
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briftles. No lefs fingular is the variety of ‘mos 
tion peculiar to each. Several fpecies fwim with 
the velocity of an arrow ; the eye can hardly fol- 
low them. Some drag the unwieldy body along 
by painful exertion, and others feem to perfift in 
perpetual reft. An animalcule will revolve on its 
centre as the axis of motion, or the anterior part 
or head is made that axis by another. Some 
move by undulations, by leaps, or inceflant gyra- 
tion. In fhort, there is no kind of animal mo- 
tion, or any other mode of progreffion, that is not 
practifed by animalcula. ‘The manner in which 
they propagate is as remarkable. In general, 

they produce eggs, many, a living foetus, and 
others, like a few of the larger animals, both ; 
_fome multiply by a part of the body detaching 
and becoming a new animal; fome by a tranf- 
verfe or longitudinal divifion of the body,’ and 
others, by the mother burfting to allow her off- - 
{pring to come into the world. 


Compared with the reft of animated nature, 
the number of infufion animaleula furpafles all 
belief: they are furely the moft numerous. Next 
are worms, infects, or fifhes ; amphibia and fer- 
pents, birds, quadrupeds; and laft, isman. The 
{pace he occupies on earth is fmall, and the pro- 
pagation of his fpecies goes flowly on. The hu- 
man female produces only ene at a time, that 

aftey 
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after a confiderable interval from birth ; and but 
few during her whole exiftence. Many quadru- 
-peds are fubject to fimilar laws ; fome are more 
fertile, and their fecundity is little, if at all, infe- 
rior to that of certain birds, for they will produce 
fen or twenty at once, Several birds will breed 
frequently in a year, and haye more than a fingle 
egg at atime, How prodigious is the differ- 
ence, on defcending to filhes, amphibia, reptiles, 
infects, and worms! Yet, among them, the num- 
bers cannot be more different. According to 
naturalifts, a {corpion will produce 65 young ; 
a cominon fly will lay 144 eggs; a leech, i150; 


and a {pider, 170. I have feen a hydrachna pro- - 
duce 600 eggs, and a female moth 1190, A 


tortoife, it is faid, will lay 1coo eggs, and a frog 
1100, A gall infect has laid sooo eggs; a 
fhrimp 6000; and 10000 have been. oak in 
the ovary, or what is fuppofed that part, of an 
afcarides. One naturalift found above 12000 
eges in a lobfter; and another above 21000. 
An infect, very fimilar to an ant, has produced 


80000 ina fingle day; and Leeuwenhoeck feems - 


to compute four millions in a crab: Many fithes, 
and thofe which in fome countries feldom occur, 
produce incredible numbers of eggs. Above 
26000 have been counted in a herring, 38000 
in a fmelt, ro00000 In par as Ina roach 


kate) 


2) 


goo0c00 Ina fpecies of fturgeon, 342000 in a 


carp, 
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carp, 38 3000 in a tench, 546000 in a mackrel, 
- 992000 in a perch, and 1357000 in a flounder. 
But of all fithes hitherto difcovered, the cod 
feems the moft fertile. One naturalift computes 
that it produces more than 3686000 eggs; an- 
other, goooooo ; and a third, 93444000. Here 
then are eleven fifhes, which, probably in the 
courfe of one feafon, will produce above thirteen 
millions of eggs; which is a number fo aftonifh- 
ing and immenfe, that, without demonitration, 
we could never believe it true. 

Perhaps the innumerable multitude of animals 
in exiftence is lefs influenced by the numbers 
produced at a time than by frequent and early 
propagation, .by the hazard of deftruction to 
which the young are expofed, and alfo, it is pof- 
fible, by fome females being more numerous than 
males. Many infects generate but once in their 
whole lives. It has been calculated, that two 
females, of the animals moft loathfome and dif- 
gufting to the human race, may fee ten thoufand 
defcendents in eight weeks ; that above fourteen. 
thoufand may, in the fecond generation, come 
from a {pider ; anid a common flefh fly have feven 
hundred and forty thoufand young in the third 
month. None of thefe animals are at firft very 
fertile, compared with others. But what-are all 
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their numbers in comparifon to invifible animal. 
cula and vermiculi? One hundred and. fifty 
millions have been computed in the milt of a 
fingle fith. Le 


How does it happen that the earth is not over- 
run by animals, and that they find food fufficient 
for the prefervation of life? Ina day, an immenfe — 
legion will fometimes arife, carrying famine and 
defolation along with it.-To preferve the re-_ 
guifite balance, there muft be deftruction propor- 
tioned to propagation; and the wifdom of Nature 
feems to haye provided for it in a certain degree. 
The animal, its egg, or the young, are all liable 
to perifh ; and the more ftages it has to pafs 
through before maturity, the greater hazard does 
it undergo. Many females produce thoufands 
of eggs, without any commerce with the male: 
it often happens that thefe are never fecundated, 
or a very {mall portion of them, if external fe- 
cundation fhould take place. The young, in 
their tender ftate, may either be deftroyed by the 
elements, or become a prey to thofe ftronger than 
themfelves. From their various metamorphofes, 
they are Jiable to perifh by difeafe, or from un- 
fuitable fituations. Therefore, comparatively 
fpeaking, few come to maturity. The number 
of butterflies is very inconfiderable, in proportion 

to 
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to the eggs: few frogs are found near a pool 
which has been black with tadpoles, Let a leaf, 
or a particle of animal fubftance, fail into'a little 
water, myriads of animalcula will be produced ; 
but fimple evaporation of the water, an event 
that muft enfue, is inevitable deftruction to the 
whole, Although the period of exiftence is li- 
mited, few animals die a natural death. The 
war, which inceflantly rages among the whole, is 
a never failing fouree of deftruction. The 
ftronger prey on the weaker ; and thefe on ani- 
mals that are lefs powerful than themfelves. The 
juftice of Nature might be arraigned: Why are 
fome provided with horns, tufks, or poifon, while 
others have no fuch means of defence? Thou- 
fands of amimalcula are apparently but a fimple 
veficle, without vifible organs external or inter- 
nal: they burft on contact with the air alone. 
- All this deftruGtion is neceffary ; the earth would 
be overftocked ;. and even thofe animals, now 
living in amity, would make each other a prey. 
Death muft thus be the indifpenfible attendant 
on life, unlefs propagation were to ceafe, | | 


The ftru€ture of fome animalcula, fuch as jt 
appears to us, cannot be more fimple; but the 
organization of many is certainly very complicat- 
ed, no lefs fo than that of animals a thowfand 

times 
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times their fize. Several naturalifts have aflum- 
ed the fimplicity of organization, as the means of 
explaining different phenomena exhibited by ani- 
mals. ‘To me this feems moft fallacious reafon- 
ree’ Phe organic ftruéture of one animal is 
fimple, only when compared with another known 
animal: If it lives, it is perfe€&t in its kind. Be-~ 
caufe no heart, lungs, brain, or nerves, are vifi- 
ble, we can feldom pofitively ‘affirm either that 
thefe organs do not exift, or that there are no 
other parts which perform the funétions belong- 
ing to the moft important of them. Indeed, in 
the fimple animals before us, they may be fo di- 
verfified, difguifed, and incorporated or partition- 
ed into its fubftance, as, feparately, to be invifi- 
ble or irrecognifible, but, collectively, capable of 
performing every vital function: Some may 
have lefs neceflity for the important organs 
which we behold in the larger animals: A muf= 
cular heart is not. equally effential to all that even 
have one. In general they inftantly die; when 
deprived of it ; but the life of feveral, thus muti- 
lated; endures longer than that allotted to certain 
animals in their moft perfeét ftate. The pulfa- 
tion of one heart will ‘ceafe the moment that it 
is wounded ; another will beat long after being 
torn from the body. Some agents, deftruCtive 
of life, will deftroy its irritability ; others will 
produce no fenfible effet. Penetration of the 
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brain will often: occafion inftant death ; but va- 
rious animals will live long, not only after’ the 
whole has been-{cooped: from the cavity of the 
fkull, but after the: head itfelf is cut off. 


. In the larger animals, where diffection may be’ 
ufed, itis inthe power of the anatomift to lay: 
every mufcle,, tendon, and blood: veffel, bare. 
In thofe fo minute as: infufion animalcula, where, 
inftead ef each. part,: the entire whole is in gene- 
ral hardly: vifible, the philefopher muft fome- 
times be fatishied with the moft rational’ induc- 
tions from what he beholds, and analogical rea~ 
foning, if that is ever to be admitted.—-The dif- 
ferent funGtions of anima!cula are probably per- 
formed by means analogous to thofe of other 
animals. The courfe of fome, which are without 
perceptible external organs, proportionally ex- 
ceeds the fwifteft flight. of birds; confequently,. 
they muft have confiderable ftrength. . Whether 
their motion proceeds from curvature, leaps, or 
undulations, it can only be effe€ted by impulfe — 
again{t the water; and weé may reafonably infer,. 
_ that fome muicular movement is. the principle, 
or that the ftrength proceeds from fomething cor- 
refponding to muieles. The great fource of mo- 
tion among worms and aquatic animals, deftitute 
of feet and fins, is undulation. In this manner 
is the progreflion of all ferpents, eels, and many 
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other reptiles. No evident curvature is feen in | 
the body of a fnail; but in the belly are fuc- 
ceflive undulations, by which its peculiar pro- 
greflion is performed. It is more convincing, 
that animalcula have mufcular parts, and perhaps 
joints formed of membrane, or a fimilar fub- 
{tance, when we can actually obferve fins, feet, | 
vor fibrillii Many which we fuppofe deprived 
-of them, really. are not fo; and in others, 

‘they are fo minute, flender, or santa, 
or fo much of the fame colour as the fluid 
they inhabit; as feldom or never to be vifi- 
ble. Indeed we often fee particles, in an infu- 
fion, carried along, at a diftance from the animal- 
cula, by fome invifible hair: 


-Wheh an ariimal is called imperfect, we mean, 
that it wants organs with the ufe of which we 
dré acquainted: External impreffions are cer- 
tainly the origin of ideas; atid there is rea- 
fon to believe, that mind originates entirely 
with the ufe that can be made of the fenfes. 
Undoubtedly we can form no conception of any 
objet, without the intervention of fome of the 
fenfes: and, although the mind may wander 
through all the immeafurable field of i imagina- 
tion, ftill it can invent no new idea that is with- 
out any chain or link to what is fuggelted by the 
fenfes. Thus, if it is poflible to conceive that a 
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man might be born without any of the fenfes, we” . 
cannot figure how he could have mind, or be ca-- 
pable of diftinguifhing objets. But there are ma-. 
ny animals which want fome of the known fenfes, 
andare itil capable of volition, choice, and feveral 
of thofe fenfations which we afcribe to the 
moft perfect. It is not evident that they labour 
under much inconvenience, where certain organs 
are entirely wanting, or derive equivalent advan- 
tage, where they abound. ‘The variety.of organs. 
is more effential than the number.—The flight 
of an infect is as rapid -with two wings as with 
four: vifion is as-acute with two eyes. as with 
eight > progreflion is as quick with fix or eight. 
iegs as with an hundred.. Indeed it is difficult 
to fay what is thé ule of fuch a redundancy of 
organs, at leaft, 1 we judge frona.fimple appear- 
ances.. Some animals, which have only fix legs. 
at firft, acquire an additional pair: every year of 
their lives. .There is-one fpecies with eight legs, 
when full, grown, in which the third pair is want- 
ing at firft; and another, with fix pair. originally, ‘ 
and a. feventh is afterwards acquired.. 


~ 


Mize than five Ny may. exit ; ‘Ror is alent: 
any abfolute neceflity for. limitation to that num 
ber. In various animals, there may be others: 
fo complicated or uncommon, as. to be totally. 
incomprehenfible by the human mind ; and they. 
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may be tranfmitted through channels very dif- 
ferent from thofe known to us for the tranfmil- 
fion of fenfe. ‘Hearing and fight are very un- 
scertain in whole clafles of animals; the ears of | 
‘very few infects have been difcovered ; fome mol- 
ufcze and worms feem hardly to be fenfible of 
found. In infects, which form fo great and beau- 
tiful a part of the creation, vifion.is undoubtedly _ 
very obfcure. No organs of vifion are found in an 
infinity of worms ; and thofe that have eyes feem 
to make very little ufe of them. Although many 
infects are fenfible of the impreffions of light, 1 
doubt whether they are capable of the perception 
-of obje&ts, or guided towards them by vifion ; 
even the wonderful operations of the bee are per- 
formed in utter darknefs. There are fome infects, 
however, that are fenfible of the prefence of adja- 
-cent objects, and actually recognife them as I have 
demonitrated by experiment. One fenfe may 
certainly fupply the place cf another, which we 
fee in the larger animals. A bat, deprived of 
fight, will traverfe the fame courfe, and avoid the 
fame obftacles as before. Thefe creatures fly’ 
through openings, nay, difcover new ones, and 
without any embarraflment, pafs through them. 
Some naturalifts thence concluded, that bats had 
a fixth fenfe; fome frem experiment afferted, they 
were guided by hearing ; and others, that excef- 
five delicacy of feeling rendered them fenfible of 
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the prefence and direction of obje&ts. Innume-: 
rable initances prove, that one fenfe, either in a 
natural ftate, or well praCtifed, may acon _ 
place of another. 


Thus, apparent fimplicity of organization can. 
neither be an argument for explaining the phe- 
nomena prefented by animalcula or the fimilar 
claffes of animals, fuch as propagation by fhoots: 
er divifion, refufcitation, reparation of the loft 
parts, as has been fuppofed peculiar to certain 
animalcula. But with all this apparent fimplici- 
ty, they poflefs every charaCteriftic requifite to 
entitle an animal to be called a living being. A 
flight inveftigation of their nature is alone fuf- 
ficient to eftablifh the fat; for there is fcarcely 
any phenomenon among known animals, that 
does not exift among them ; and they exhibit ma- 
ny which feldom or never accur in any other 
race. 


It is a prevalent opinion, that animalcula may be 
difcovered in rain water with the microfcope, or 
in that of the pureft fountain. Thisis an error. I 
have never once found them in the courfe of innu- 
merable obfervations ; and the great animalculift 
Mutuer himfelf fays, they are very rare. That 
they may exift in thefe fituations, is by no means 
impoffible ; they may be invifible in air, and be- 
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come vifible in water. ‘Though imperceptible 
by our fenfes, they may be fufpended in the air 
as their native element ; and, -if -it was not for 
the exceflive delicacy of their parts, and the 
difficulty of obfervation, they might be rendered 
vifible by the interpofition of different mediums ; 
—and here imagination may figure ‘beings of an- 
other kind, which, by an interpofing medium, 
may in the fame manner be brought into view. 
Some animalcula of confiderable fize are feen 
with the utmoft difficulty, from extreme tranf- 
parency; it is only an accidental inflection, or 
an alteration of the-ufual dire€tion of the rays of © 
ght, that renders them -vifible. : 


TL Seman ‘Vermeicuri.—Three great and 
mportant points are to be confidered in animat- 
ed exiftence; the mode of an animal’s origin and 
mtrodu@tion ‘into the world:; the duration of ‘life-; 
and the manner of it’s death. What we daily 
behold, events and objects continually familiar to 
us, make little impreflion ; and, if there is any no- 
velty at firft, it foon wears away. Hf we refleé& 
on the phenomena of nature, and inquire ‘into the 
original caufe of life, its prefervation and end, 
an infinite and unaccountable variety is prefent- 
ed; and although we may ‘be inclined to give 
phyfical reafons in explication, or -feel an interna! 
conviction that -none other will apply to certain 
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cafes, it muft be . acknowledged, that. the 
boundlefs empire of nature has neither heen coms 
pletely explored, nor reduced within determinate 
limits by human underftanding, and perhaps 
never, will. 7 
Seminal vermiculi are a race of animals. 
whole origin, exiftence, and ufe, if they are of 
any, are all equally myfterious. Their origin 
is even more wonderful than that of the numerous 
other worms inhabiting the bodies by which they 
are nourifhed. Every thing coatributes to the 
dificulty of inveftigating their nature. The ter- 
mination of life, or the cruel mutilations that 
muft be employed to view them in their native 
abode ; .the ravages and ditorder that fuch ope- 
rations muf{t occafion ; and their: extreme mi- 
nutenefs (for it has been computed that the dia- 
meter of fome does net exceed one hundredth 
part of the thicknefs of a human hair). render it 
furprifing how fo much of their hiftory has been: 
‘difcovered. But the period is yet diftant, when, 
every kind of propagation fhall be known, Two 
thoufand years ago, the generation of eels occu. 
pied the attention of naturalitts, and it is ftill ob- 
fcure.-—The chief difficulty which attends our 
comprehending the origin of feminal vermiculi is 
their appearance only at a certain age. Where do. 
they exift before this term arrives? The germ or, 
2 primordium 
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primordium may conftitute a part of the animal it. 
felf: it may remain entire, though incapable of ex- 
panfion, and not be liable to decay for a feries of 
years ; then, when the fluid which it fhould 
naturally inhabit is fecreted, fome of the nu- 
merous germs, which we may well iuppofe diffe. 
minated throughout the body, will be unfold. 
_. ed there, though the circumftances neceflary for 

their developement are feldom or never found elfe. 
- where. In the fame manner, it is not impro« 
bable, are the numerous worms inhabiting the 
human body produced.. The egg is conveyed 
into the body, or tranfmitted by the parent; 
and, when ima fuitable fituation, it expands, 
_ Yet this reproduction is myiterious, when come. 
pared with that of other animals. 


‘Fhe fame rules, with little variation, regulate 
the propagation of mankind, quadrupeds, and 
birds.. Fifhes and amphibia in general generate 
in a mode peculiar to themfelves. Infeéts ap« 
proach in fome refpects to the higher orders of 
animals ; but defcending to the innumerable and 
various claffes of worms in all the branches, no- 
thing can be more diverfified. Some divide into, 
pieces, and each becomes a new animal; others 
fend forth buds, which grow complete like the 
parent, and thus perpetuate the {pecies ; fome pro- 
duce living young; fome eggs; and a few, both 
eggs and young. | 

The 
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' The theories of generation which thefe pecu- 
diarities have created are various; and all, even 
the moft inconfiftent and chimerical, have had 
partifans. Perhaps:the fame difficulty does not 
attend a probable conjecture, not to go fo far as 
explanation, of that generation, which is effected 
by means of a fluid and of eggs. “When the fe- 
male approaches maturity, and often long before 
‘it, fubftances refembling eggs, or which really are 
fo, appear ; and in the male is fecreted that parti- 
cular fluid which is peopled by numberlefs ver- 
miculi. Immediately after they were difcovered, the 
charge of perpetuating animated beings was com- 
mitted to them: it was generally believed that e- 
very animal originated from a vermicule. But it is 
now univerilally known that the foetus belongs to 
the mother alone; that it pre-exifts fecundation ; 
and lies dormant until it is called into exiftence. 
Eggs have been rendered prolific; and animals, 
which require copulation to propagate their 
young, have been artificially fecundated, that is, 
without interpofition of the male. It is even 
Zaid that this {trange experiment has fucceeded in 
mankind. Still it is to be explained, why of twenty 
or thirty eggs, as in the human female, only one 
is impregnated at a time, and why ten or fifteen 
may be impregnated in a female quadruped ; 
more efpecially, if a is effected by ab- 

forption, 
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forption, as it is moft natural to believe. Is it be- 
caufe only one ovum is in a ftate to be impreg- 
nated in the one cafe, and almoft always more. 
than one in the other? ‘Whatever is the truth, 
it is evident that feminal vermiculi have no con- 
cern in generation, both becaufe it appears that 
fome feminal fluids are entirely deftitute of them, 
and not the lefs fecundative on that account ; and’ 
although the whole are dead, their native element 
has loft none of its prolific virtue. Since indifputa- 
ble obfervations prove, that various animals actual- 
ly exift in the mother before fecundation, how do- 
they originate there? Does every germ include an- 
other germ; that a {maller one; and in this man- 
ner involving fucceflive germs to infinity ; fo that 
athoufand years ago, beings which have now 
paffed through a thoufand generations, then ex- 
ited, though the term of evolution could not ar- 
rive until a thoufand changes were undergone? 
Can we conceive, that at a time beyond the pow- 
er of imagination to reach, a germ exifted ; that 
we ourfelves, the prefent generation of mankind, 
were in being, under any figure, however mi+ 
nute; that, until the maturity of the preceding 
generation, our bodies could never expand into 
perfect fhape and organization.—Or, is it more 
rational to fuppofe, that at the age of puberty, 
fomething is fecreted by the mother, that there is 
fome affimilation of parts which will form a fo- 
) | tus 5. 
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‘tus; that there is fome generative power developed 
‘with age, which can produce a germ capable of 
‘being fecundated by the male. Difcordant opi- 
nions like theie have divided the moft celebrated 
philofophers ; ingenious arguments have been gi- 
ven for each; and if infinite involution is the 
more generally adopted, perhaps it is becaufe the 
expanfion of parts in miniature is lefs repugnant 
to the mind than creation.—Yet changes cer- 
tainly take place in the bodies of animals, which 
may almoit be called creation. New parts are 
acquired ; though thefe may be derived from other 
exifting fubftances, {till they form a part of the 
body. The cartilages of a foetus undoubtedly do 
not contain principles exactly the fame as the bones - 
of an adult. Solids may be involved in other fo- 
lids ; but it was never faid that fluids could be in- 
volved in fluids. The blood, the milk, the bile, 
urine, and the numerous other fluids in the human 
body, muft be derived from other fubftances, be-. 
caufe the quantity of any one is fo {mall in the 
foetus ; not to name tlt prolific fluid which does. 
not exift before a particular ftate at which the 
body arrives. The folids muft alfo acquire new. 
parts ; increment in fize may be effected indeed, 
by expanfion alone, but no additional. weight. 
will be gained.—But this is entering on the pro-. 
found theory of increment. Thefe facts bear 
fome diftant refemblance to creation, notwith- 
Standing they are only the aflimilation of one fub-_ 
{tance 


- ¥YNTRODUCTORY OBSERVATIONS. xxix 


ffance into the parts-of another.. Every fyftem: 
ef generation is accompanied. by difficulties al- 
moft infurmountable.. We have penetrated fome: 
ef the myfteries, but the veil is not: entirely re+ 
moved.. 


Thou gh.the germ belongs tothe female alone, 
_ ‘the male has an active fhare in the expanfion and. 
modification of its parts. The eyes, the voice,, 
the colour, nay, the whole appearance, often re- 
femble the father much more than the mother. 
However, in. confidering this’ matter on a 
oreat fcale, and neglecting the peculiarities of 
individuals, all animals have a greater refemblance 
to the mother.. The flat nofe, the woolly ‘hair, 
and thick lips of a negro will:be tranfmitted to- 
his offspring by a European woman: and the 
high features, long hair, and light colour of a. 
European father will be tranfmitted in fome mea- 
fure to the child of an African mother. The aétive: 
part of the father is more confpicuous in the gen 
neration of hybrids... In the offspring of the afs 
and the mare, the goldfinch and canary, or the 
canary and linnet, fome of the parts peculiar to: 
the female are altered, while thofe belonging to. 
the father are preferved almoft entire. He com- 
municates fomething, whatever it may be, that. 
awakens exiftence in the germ, is affimilated into. 
itfelf, andregulates the formation and appearance: 
of 
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of its body. But the greateft fingularity is, that 
certain parts fhould be received, and others re- 
jected: that although the father is deprived of 
thofe very parts which prove the offspring. his, 
it will have them all. Notwith{tanding both pa- 
rents {hould be maimed or mutilated, the germ is 
perfect, and the embryo will exhibit none of 
their imperfections: What an immenfe fund for 
experiment and obfervation is here! Sometimes 
imperfections are hereditary; but thefe are rare 
and uncommon cafes: and it is much more re- 
markable when an exifting imperfection paffes 
one generation and affe&ts the next. Deformity 
of the perfon is often tranf{mitted to a fucceeding 
race: we have known a vice in the conformation of 
the organs of hearing and fpeech in a whole fa 
mily, and fometimes feveral children born blind. 
Thefe imperfections; on inveftigation, are fre: 
quently found in the relations of the parents. 


Confidering the little progrefs of knowledge; 
- and the rude hypotheles of generation, it is not 
at all furprifing that the origin of animals was 
afcribed to feminal vermiculi when they were 
firft difcovered: and this would have acquired 
additional credit had it been known there were 
pores in the integuments of the germ. or egg 
which vermiculi might penetrate.x—Let us con 
fider an impregnated egg. It confifts of a tram: 

| fparent 


INTRODUCTORY OBSERVATIONS. XxXE 


fparent vifcous fluid, furrounding a yellow liquid 
contained in: another envelope; nothing more 
is vifible. If the egg is expofed to heat, it is of 
no importance whence deriyed ; if attaining a 
certain degree, appears an irregular vermicular 
figure, without any determinate parts: But this 
is the rudiments of the chicken. A red point 
next becomes vifible, which is the heart: then 
the eyes and the bill are unfolded: the embryo: 
gradually increafes; it grows a perfect animal, 
and burfts the fhell:. Ina manner nearly analogous 
are the original evolution and increment of the hu- 
man living foetus. A tranfparent veficle is detach- 
ed from the ovary by impregnation ; it is depofited 
in the womb ; all the parts of the human body 
appear ; and what is in one and twenty days ac- 
complifhed: in the chicken fucceeds in nine 
months: the perfe& foetus is formed. How. 
this could be affe&ted without any fenfible pri- 
mordium, confounded naturalifts, (for then it 
had not been proved that the germ belongs to. 
the female) and when they faw a living animal. 
furnifhed by the male, they eagerly adopted it as: 
the principle of exiltence. | 
lil. DeatH or ANIMALS IN STAGNANT 
Air.—Long before philofophical experiment, it 
was probably well known, that the life of an ani- 
mal confined where. there is no admiflion of frefh 
alr, 


Rxxii INTRODUCTORY OBSERVATIONS: 
air, or where the circulation is impeded, will be 
deftroyed ; and that plants m fuch a fituation 
will droop and die.-—Late refearches in chemiftry 
have difcovered various invifible fluids produc- 
ed by different fubftances, which are fatal to the 
animals that refpire them. Some are fo deftruc- 
tive as to occafion inftant diffolution ; in others, 
an animal may linger long, though it will at laft 
perifh under their deleterious influence. Nay, 
eminent philofophers have fallen a victim to ha- - 
zardous experiment on themfelves: and feveral — 
have efcaped after the molt imminent danger. 


So ufeful is atmofpherical air to the conferva: 
tion of life, and fo dependent is life on its influ- 
ence, that none of the animals, with whofe na- 


_ ture we are acquainted, can exift without’ it 


entirely : and if fome do fupport privation of air 
better than others, {till they languifh, afid at 
length will die. ‘Thofe inhabiting waters, and 
feldom come to the furface for refpiration, perifly 
when the water is deprived of the pure air which 
it contains. one ae Re 


Atmofpherical air is not a fimple fluid; it is z 
combination of various fluids ; fome of which, in 
a decompofed and feparate ftate, are better’calcus 
lated to fupport life, at leaft for a certain time, 
than the reft, but none except itfelf has yet been 

found 
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found perfe&tly innoxious, - nor any one equally 
beneficial. ‘The principal ingredients are {aid to 
be azotic gas, oxygen, carbonic acid, and water. 
Azotic gas and carbonic acid are moft pernicious 
_ to animals, and the former conftitutes two-thirds 
of the whole. By refpiration, a chemical pro- 
cefs takes place, both in the fyftem of the refpir- 
ing animal and in the air. A change is produc- 
ed in the blood, and animal heat is promoted. 
_ But the alteration that fucceeds in the fluid re- 
{pired. is. of greater importance, for it is that 
which occafions death in whatever -manner it 
may operate. The oxygen, or pure vital air, is 
confumed ; an addition. is made to the carbonic 
acid gas,.and almoft all the azot is left. Such 
are the principal changes effected by refpiration. 
When this goes on in the open air, the continual 
renewal of the pure parts, and the purification of 
thofe unfit for ufe, the emanations and combina- 
tions of what arife from the fubftances in which © 
analogous operations are maintained, render it 
again capable of being refpired without injury. 
When the vital air is confumed, and the noxioug 
part remains behind, the pernicious effects imme§ 
diately become vifible. The manner in which 
death enfues, like moft profound inveftigations, 
has divided the opinion of philofophers. 
| 
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* Various gafes produce an alteration in the flate: 
of the blood : experiment, it is “true, has been. 
chiefly directed to. blood after proceeding from: 
the body of the animal, and-the difficulty of the: 
fubje€t has hitherto prevented: a» full confidera- 
tion-of what are the principal phenomena on that 
“which {till continues’ to flow during life. Whe- 
ther or not the change there produced is fuffi- 
cient to deftroy the animal, the operation of gafes 
-on the mufcular and nervous fy{tem is very con- 
{picuous, .and efpecially on the former, perhaps, 
‘becaufe it may’then be more eafily: recognifed.. 
‘Animals, at the fame time, in feme inftances cer- 
- tainly die from abfolute fuffocation ; for the ex- 
ceflive irritation produced by gafes willclofe the 
entry to the lungs, and death enfue before one 
infpiration iscompleted.. “Fhe general operation: 
is moft probably on mufeular ixritability and the 
nerves, more efpecially when we reflect that the 
animals: refpiring fo -very little, as fome are’ known. 
“to-do, can not efcape the pernicious confequence 
“of refpired air.. Yet we muft admit, that if they 
refpire at all, which -it-is moft likely they do, by 
-abforbing air from water, if they are aquatic ani. 
qnals, they will alfo ablorb exhalations, and thus. 
big deftroyed.. | 


Bc ar eid pies are ares fatal t to: 
life: as fuffocation in mephitic vapours; but the 
irritability: 


INTRODUCTORY OBSERVATIONS, Xxxv¥ 


irritability of the heart is much longer preferved 
in drowned and ftrangled animals than in thofe. 
that have perifhed in gafes. Much light has been 
thrown on mufcular irritability fince the difeovery 
of Galvanifm ; for by that means a fpark of life 
has often been found when it was thought totally 
extinct. The lofs of irritability depends in a 
great meafure on the nature of the fluid in which 
the animal has died: By fome, it will be altoge- 
ther deftroyed, and others will only weaken its 
power. Drowning an animal fufpended by the 
feet, is entirely déftructive of irritability, alfo the 
vapour of charcoal and other gafes; but azotie 
gas and atmofpherical air only diminifh, they do 
not extinguifh it; and the heart of an animal, 
killed by its own refpiration, beats long after- 
wards: ‘Thus the difference is very great both 
in the fuddennefs of death and the effect upon 
its body, aceording to the medium where an ani- 
mal has perifhed. Butt fhould be confidered, 
with the utmoft attention, whether any of the 
characteriftic fymptoms precede, accompany, or 
follow death: : ‘ 


- From rumerots experiments, it appears that: 
death, in ftagnant air or in mephitic gales, may 
proceed from fuffocation, from injury of the muf- 
cular fibre, from affeGtions of the nerves, or all 
three combined, or perhaps from the chemical 
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change produced on the blood by refpiration be- 
ing obftructed ;. but it is not evident that con¢lu- 
frons trom experiments are coincident, or that the 
real caule 1 is ful iy: eftablithed. 


pea bia n saa AND REVIVED.—We 
are loft in aftonifhment while we contemplate the. 
nature of Lire :. the deeper our inquiries go, the 
farther. does the object feem to recede from us. 
We can- account for the. deftruction-of life, when 
the reciprocal harmony of the parts of an animal 
is deranged : thefunctions of the:-moft important: 
" organs are interrupted, and deatly muft enfue ; but. 
how life is maintained is a profound myltery.---An 
animal originates, ‘its parts unfold, and it vifibly 
lives. At firit, the imterpofition of a parent’ is. 
neceflary, to adminilter the nutritive matter; for. 
its own organs ate too weak and imperfed.. ) At: 
length, they acquire fufficient power to receivenu- 
triment ;. the animal is. detached from its parent, 
and lives for itfelf. It. gradually approaches to. 
perfection, new parts are expanded, and thus, _ 
may it remain for years with little or no fenfible 
aiteration. ‘Then the organs begin to evince 
perceptible fymptoms of decay :. certain. parts in- 
-ereafe, change, or diminifh:. they become de. 
ranged, and incapable of performing, their refpec- 
tive “offices: life grows feeble, the animal lan-. 
guithes and dies;, and what conttituted its .perfo- 
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mality vanifhes in air. Such is the termination 
of exiftence by age: but how fmall a portion of 
the animated creation attain the time, Often, 
during the vigour of youth, in the height of ac- 
tivity and fenfation, the chain: will be diflolved 
without any external caufe; the thread is cut ; 
fomething feems to depart; and the moft beauti- 
ful work of nature haftens into hideous corrup- 
tion. | 


To affirm that a being, whofe animation has 
been fufpended for.an immoderate length of time, 
even for years, can, in virtue of certain condi- 
tions, be revived, has fo fingular and paradoxical 
an appearance, that reafon finds it repugnant to 
admit the fact. ‘But to produce an animal which 
has been {tif and -motionlefs, withered, disfigured, 
and contracted; utterly incapable of any corporeal 
funtion, and the operation of its organs at an © 
end ; to produce this animal,.and, by.a particular 
treatment, to make it renovate every action that.it 
could perform before ; to fee nutrition, digeftion, 
and generation carried on, not only will it bear 
perfect conviction to the mind that it has come 
from a {tate which, if it was not death, certainly 
cannot be called ,life, but that it again lives as 
completely as before its animation was fufpended 
or deftroyed.---Some animals in the world enjoy 
-this wonderful prerogative. ‘They originate, ar- 
rive at maturity, and maintain the vital functions: 

da their 
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their native element is a fluid, and they are natu- 

‘rally moilt ; but deprive them of this element, or 
allow them to dry, they become motionlefs, they 
contraa, wither, and die. Thus may the animals 
remain one year oer ten; then let moifture and 
the other requifites be fupplicd, their members 

_ fwell, life returns, and the animals become as 
lively and vigorous as ever. 

It is reafonable to expec that fo remarkable a 
deviation from the courfe of nature fhould be li- 
mited, and the privileged animals uncommon- 
ly few. Still they are not fo rare as to prevent 
the truth of the phenomenon from being amply 
eftablifhed. Hitherto none of the larger animals 

have been found which are endowed with this 
fingular property.—Nature, as if to veil that 
which is fo fondly cherifhed in idea by mankind, 
feems to have beftowed it only on the moft mi- 
y _hute of her creatures.—The wheel animal, vari- 
ous microfcopic eels, and the floth, may all die 
and be revived. The exceflive fearcity of the laft 
has prevented naturalifts from -inveftigating the 
utmost limjts of its refurgent faculties. No one, ex- 
cept Spallanzani, fo far as I know, has ever been 
able to difcover it. In this remote kingdom, 
where the ftudy of animated exiftence is yet in 
infancy, I have found three, perhaps four varie- 
ties of the floth, all evidently belonging to the 
| fame genus of this wonderful animal, or of a race 
| analogous ; 
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analogous; but whether pofleffing the fame pre- 
rogative [have not ‘yet been able to afcertain. 
“Of the fourth, I {peak with diffidence ; for, with-. 
-out long invettigation, we mutt hefitate in afcribing. 
animality to.a being whofe length does not equal 
the thicknefs of a human hair, which fearcely 
ever exhibits perceptible motion, and is not once 
to be found ina thoufand obfervations. 


Whether.an ‘animal may actually die, and af- 
‘terwards be revived, has-been the fubje&t of much 
-controverly,; equally fo as the fymptoms pre- 
«ceding and attending death. Putrefadtion is, by 
common confent, regarded as the moft infallible 
fign of diffolution, though it will fometimes com- 
mence during life. But many.animals dry: up, 
and wither, and become as hard as wood without 
putrefaction ever appearing in the flighteft degree. 
‘Next-to this, the want of irritability is confidered 
certain evidenoe of death. ‘Yet the abfence of it 
will not always prove .an animal dead ; .for life 
-often.remains when thereis no fenfible irritability ; 
and one.ftimulant will awaken vitality, while the 
ufe of all others is vain.—in the fame manner as 
particular ftimulants are incapabie of awakening 
dormant animation, neither can methods deftruc- 
tive of it, in its utmoft vigour, in one inftance, af- 
fect it at allin another. Undoubtedly we fhould 
fuppole the moit efficacious methods of deftroying 
animals, are depriving them of nutriment, or-de- 
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priving them of fome organs which feem moft ime 
portant in executing the vital funGions. |. Whe- 
ther life is in thefe fituations extinguifhed by 
the fame means, or whether it is extinguith- 
ed in every cafe, by exciting a caufe that will 
impair exifting irritability, is left to greater 
phyfiologifts. But until the principle of life is dif- 
covered, which, according to fome, is the union 
and reciprocal action of the parts in refifling 
diflolution ; or confilts in the blood ; in a particu- 
lar aura, like the imaginary aura feminalis ; in 
fomething refembling electricity ; in irritability, 
or the exiftence of nerves ; all reafoning on what 
affects its creation, prefervation, or deftruction, | 
muft be unfatisfattory. One thing is certain, 
that the death of one part is often the neceflary | 
confequence of that of another ; that the death of 
the heart may occafion the death of the brain ; 
and the lungs will die when the heart is dead. 


Mankind can ill fupport the privation of food. 

It is true there are fome wonderful ftories of abfti- 
nence, in the records handed down to our own’ 
time ; however, thefe in general may be rather af- 
cribed to the love of impofture, and that anxiety to. 
deal in the marvellous, which fo eminently charac- 
terifed the darker ages. Still, abiding by authentic 
information, and trufting to veracious accounts of 
modern date, men have fubfifted on a quantity of 
food {mall beyond belief; and have even exifted 
incredibly 
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incredibly long without any at all. Captain 
Bligh of the Bounty, failed near four thoufand 
miles in an open boat, reduced to the utmoft ex- 
tremity for want of provifions : fometimes a bird, 
not many ounces in weight, was the only food for 
feventeen people ina day. Fourteen men and 
women of the June, wrecked an the coaft of Ar- 
racan, lived twenty-three days without a morfel 
of food. On the fifth day after the thipwreck, 
two people firft died of want. 


Animals, Redi obferves, do not perifh from 
hunger fo foon as is generally believed. The pe- 
riod of their death is very various. Houfe and 
field rats never lived with him three days; ca- 
pons lived feven, eight, or nine ; a civet cat lived 
ten; wild pigeons, twelve and thirteen days ; an 
antelove, twenty, and a very large wild cat, the 
fame time. A royal eagle furvived twenty-eight 
days without food. Buffon mentions one that 
lived five complete weeks. A badger lived a 
month, and feveral dogs thirty-fix days. —When 
we confider total ab{tinence from food for fuch 
a length of time as thirty-fix days, it is truly 
wonderful that the animal could exift. But ac- 
counts {till more furprifing are given by natura- 
lifts of undoubted credit. A crocodile will live 
two months without food. Leeuwenhoeck had 
a fcorpion that lived three. . A bear is faid to 

have 
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- ‘have lived fix, and vipers the fame time. Howe 
ever, allowances muit be made, if this happens 
in winter, during extreme cold, when the digef 
tive and fecretory powers are feeble, and if the 
animal, of whatever kind, is lable to torpor.» A 
common garden fnail. lived eight months on a 
pane of my window, nor do I know that it was 
then dead. Redi hada cameleon that lived eight 
months without food, and vipers ten. _ Vaillant 
had a {fpider that lived as long; nay, its {trength 
was at that time fufficient to kill another, put un- 
der the recerver where it was kept, as large as it- 
felf, and quite vigorous. According to different 
authors, fome of thefe animals, fuffering long ab- 
ftinence, have not become much emaciated. Mr 
John Hunter inclofed a toad between two ftone 
flower pots; it lived fourteen months, and was 
then as lively as ever. M. Sue quotes inftances 
of the fame animals living eighteen months with- 
out either food or relpiration, becaufe they were 
clofely fealed up in boxes or veffels. M. Herif- 
fant confined three toads in a box, and then co- 
ered the whole with a coat of plafter: the 
box was opened in eighteen months, and one of 
the toads was flill alive. Land tortoifes lived 
eighteen months with Redi; Muller kept hydrach- 
nze equally long. But Baker had a beetle that 
lived three complete years without food, and 
then efcaped; and Virey cites Plempius . for 
| | leeches 
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leeches furviving three years in water without 
any vifible food. ‘This inftance, and that of the 
hydrachnz, indeed, are different from total abfti- 
nence ; for birds which drink feldom, and even 
carnivorous animals, have fubfifted on water a- 
 lone.for a very confiderable time. Whether in- 
vifible animaicula might be the aliment of thofe 
animals, I cannot tell, but Ihave feen f{nails, 
which were kept months in water only, void 
very fenfible excretions, and increafe the fize of 
their fhells, though thefe continued uncommonly 
tranfparent, nor could the excretions be the re- 
mains of food in the ftomach, for the {nails had. 
never ate; they were young; and I had bred 
themfrom the egg. However, this is little more 
furprifing than that plants fhould vegetate and 
attain confiderable fize in water, for both they 
and animals extract fome nutritive part, which, 
by various decompofitions, fecretions, and aflimi- 
lations, is converted into their own fubftance. 
Now, indeed, it is fuppofed that the excretions of 
plants are difcovered. | | 


if daily: € experience did not telly the reverfe, 
it might reafonably be conceived that all the 
parts of an animal were of equal ufe to it; and 
that privation of one would be as injurious as 
‘privation of any other. But we are acquainted 
with fome animak which can lofe a portion of 
the 
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the body, and be as healthy, lively, and vigorous, 
as before ; and we continually witnefs this in the 
amputation of limbs. Nay,*fo far from mutilations 
being fatal, feveral-of the loft parts will be repair- 
ed, as. the branches of a tree are renewed. 


The moft dreadful wounds, that imagination 
can figure, hardly feem to accelerate death. M. 
_ Riboud ftuck different beetles through with pins ; 

‘he cut and lacerated others in the fevereft man- 
mer ; yet all lived nearly, if not quite, as long as 
thofe that were entire. One, with a pin through 
_ the body as thick as its thigh, furvived fourteen 
days. I have feen a caterpillar ftill alive, though 
fhrunk to one third of its original fize; and the 
body of a butterfly manifeft animation, when the 
wings were dry and fhrivelled up. I have feen 
a butterfly live a month after being ftuck | 
_ through with a pin, and after I conceived its life 
had been deftroyed by the fumes of fulphur ; 
for fuch cruel experiments were not purpofely 
made. Leeuwenhoeck, I think, had a’ mite 
which lived eleven weeks. ftuck on a point before 
his microfcope. Vaillant, intending to preferve 
a locuft of the Cape of Good Hoje, took out - 
the inteftines, and filled the abdernen with cot- 
ton, and then fixed it down by a,pin through the 
thorax ; yet, after five months,’ the animal ftill 
moved its feet and antenna. © : 

In 
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In the beginning of .Nevember, Redi opened 
the fkull: of. a..dand tortoife, and excavated the 
whole brains.. The tortoife did not feem. to:fuf- 
fer : it moved. about as before, but groping its 
way; for the eyes foon thut after lofing the 
brain, and never opened again. “A: flefhy inte- 
gument formed, which covered the opening of 
the fkull ; and in this ftate the animal lived until - 
May, that is, fix complete months. Spallanzani 
deprived four frogs of the brain: two lived till 
the &ith day. He alfo deprived three newts of 
the brain: they fuffered violent convulfions ; 
their eyes clofed ; they hardly moved from one 
place to another ; and. expired about the middle 
of the third day. 3 


He cut the heart out of three newts : they 
took to flight, leapt, fwam, and executed the 
fame functions as before; however, all died in 
forty-eight hours. Four frogs, deprived of the 
heart, kept their eyes open, and preferved the 
ule of their limbs. They furvived thirty-fix 
hours. , | | | 

Privation of thefe organs, and even of thofe far 
tefs important in the organic fyftem, would occa- 
fon immediate death to innumerable animals: 
But it does not appear that the tenacity of life is 
aniformly dependent on the fame principle, or 

abfolutely 
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abfolutely of the fame kind ; at leaft, we cannot | 
affirm that it is entirely fo.—Eels, it is well 
known, exhibit fymptoms of life in the various 
divided parts. They are killed by dathing a: 
gainft the ground. Ofbeck fays, the greater dog 
fith will move about, though the head or tail is 
cut off ; nay, that it lives more than an hour af: 
ter the inteftines are taken out: Lyonet faw mo- 
tion in the abdomen of a wafp, three days after © 
feparation from the reft’; and a caterpillar crawl- 
ed about feveral days after the head was cut off. 
From thefe and other experiments, he remarks, 
that the foul of animals, if they have any, is ex- 
tended over the whole body ; and every part 
feems capable of evincing confcioufnefs.and fen- 
fation. ‘The headlefs caterpillar endeavoured to 
efcape ; it had the fame motions as before decol- 
lation.: The anterior half of a divided wafp bit 
every thing prefented to it. The middle part of 
an earth worm, deprived of both ends, expediti- 
oufly moved away when touched. ‘Uhe fame cons 
elufions are made by Sue, in his Refearches on 
Vitality. A decollated turkey feemed to have 
{pontaneous motions. The body of a butterfly 
continued to. fly as ufual, among the flowers; 
twenty minutes after the head was cut off. A 
decapitated beetle will adyance over a table, 
groping its way, and recognize a precipice om 
approaching the edge. Reverfed on its back, it 
will 
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- will endeavour to recover: the natural pofition e- 
qually as before,.Similar motions are-exhibited 
by decollated {nails and other animals. Cuvier; 
indeed, an eminent naturalift, feems to confider 
the head or brain as the only feat of fenfe and 
reflection. But this can hardly be admitted, 
from the numerous inftances which appear con- 
tradictory ; and the reafon of fo prevalent an — 
opinion, in all probability, arifes.becaufe the. prin- 
cipal organs, for conveying external impreffions,. 
are ufually fituated in the head. If more ani- 
mals were fubjeéted to experiments of this kind, 
and if it could be performed-without fuch terrible 
concuffions of the brain and {pinal. marrow, we’ 
fhould be more able to reafon upon it... Labillar- 
diere remarks, that the turtles of Waygiou,, 
weighing above two hundred pounds, would con-. 
tinue to crawl feveral. hours. after being deprived: 
of their heads.. Redi decapitated four tortoifes,. 
and all the blood was difcharged. On opening: 
the body twelve days afterwards,, the heart was: 
perceived. to beat.. He decapitated another, large: 
tortoife; it lived twenty-three. days ; but Brouf- 
Aonet affirms, that this animal will furvive during 
two months without the head. Colonel.Pringle: 
decapitated feveral libellule. One lived above: 
four months, and:another nearly fix; anda fin- 
gularseccurrence in ;his experiments was, that 
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—thofe unhurt, which were kept in the fame fitua» 
tion as thofe decapitated, never furvived above a 
_ few days.. 


There are many other examples of animals 
diving in a condition, where it is {carcely to be 
imagined how any principle of life could remain. 
Swammerdam had a larva that feemed to live as 
well in falt water as frefh, which Lyonet quotes ; 
and Reaumur had. another that lived twenty-four 
hours in fpirit of wine. De-Geer, propofing to kill . 
a lobfter, put it in vinegar: in five hours, it was 
as lively and vigorous as ever; and, then being 
put in fpirit of wine, it died in an hour. — 


_ [have purpofely avoided illuftrations from the 
animals that repair their loft parts, at leaft illuf 
trations relative to them, and reproduce the head 
when cut off, as fnails, leeches, and feveral 
worms ; for there is a certain vegetative procefs 
there going on. At the fame time, the fufpen- 
ion of moft, or all the organic functions, during 
‘fix or even twelve months that it takes to be re- 
mewed, renders it wonderful that the animal is 
not altogether deftroyed. 


All this violence is committed on animals in 
their utmoft vigour, when pulfation is ftrong, di- 
geftion powerful, and fenfation exquifite. The 

very 
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"very fhock would feem {ufficientte extmguifh life. 
But exiftence will continue two years, while an 
active and voracious caterpillar, which perhaps 
ate its own weight in a day, is fhut up in the 
chryfalis, and incapable of feeding; perceptible 
motion is its only ‘function; digeftion is at an 
end. Motion, in other animals, is the firft fen- 
fible function. The eggs of the common water 
{nail are at firft tranfparent globules; then a 
{peck appears, -which is the foetus. It continues 
to increafe.; and, long before burfting the inte- 
gument, it moves about within the egg. 


If the whole of thefe fa&ts are confidered, and 
due weight allowed to each, it may not appear 
fo very far beyond ‘belief, that all the. vital: func- 7 
tions of an animal may be fufpended without 
death for a long time, and that they may be again 
awakened when its organs are brought into a 
fuitable fituation. What is the ftate of an un- 
impregnated germ ?—Certainly it does not live: 
Though it proceeds from the mother even at the 
appointed time, it corrupts, unlefs the prolific: li- 
quid .is. applied. . Let-us confider the confe- 
quence. -Is.there a creation of lifes or only the 
awakening of that which is dormant ?—~Afluredly 
the creation of life does enfue. ‘The fecundative 
liquid alone can produce fo wonderful an effed ; 
it does not awaken dormant life, for their is no 

Vou. I. € evidence, 
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evidence, not even a diftant probability, that any 
exifts to be awakened. — If life confifts in irrita- 
bility, or without going fo far, if it is true that 
it is not extinét, where irritability is manifefted, - 
what elfe is requifite, than that the animal fhall 
be put in a fituation where its dormant irritabi- 
lity may be re-excited, that fome ftimulus, capa- 
_ ble of awakening the fufceptibility of its mufcles, 
fhall be applied? This, however, generally 
fpeaking, is only a cafe of fufpended animation ; 
undoubtedly, it is not death, which occafions a 
moft difficult and delicate diftin@ion ; for by ad- 
mitting it, almoft every criterion of real diffolu- 
tion is rejected. Sufpended animation may de- 
generate into death, without any evident exter- 
nal change. A man has been revived who was 
forty-five minutes in water; two minutes more, 
or a little accidental delay, might have rendered 
all efforts to refufcitate him ineffeCtual. The 
mufcles might have loft that property which ren- 
dered them fufceptible of a certain ftimulus, 
There may be, nay, it is likely, there are ftimu- 
lants, with which we are unacquainted, that will 
roufe the vital powers into action, after a much 
longer period than has hitherto been, witnefled. 
The condition of an animal {uffocated in mephi- 
tic vapours, or half ftrangled, is the fame; life 
may be recalled by particular ftimulants. When 
tonne from cold, the fimple application of mo- 
derate 
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‘derate heat will revive the animal. Where is the 

term.at which death begins, when every fpark of 
dife is extinét, and:all endeavours to reftore fuf- 
pended animation will be ineffectual ? Though the 
great phyfiologift of Berne fixes it in man when 
the irritability of the heart is deftroyed for ever, 
‘we muft neceffarily admit that it is ftill un- 
known. But that vigorous life may be fuf- 
pended for a long interval, is a fa& not to be 
called in queftion. Sleep is a temporary fufpen- 
fion of the aCtive-faculties; ftil] all the organic 
fun@ions are going on. Torpor is a greater fuf- 
‘penfion. Some of the funttions are interrupted, 
-and others imperfeétly executed. It bears the 
-neareft refemblance to the ftate of the refurgent 
animals under our view, becaufe it may be pro- 
tra€ted to an immoderate length by the fimple 
continuance of cold. The life of infeéts in the 
chryfalis, of birds and reptiles in the egg, may al- 
fo be long protracted, or the produdtion of the 
perfect animal accelerated. The chicken exifts 
in-the egg before incubation, but it depends en- 
tirely on heat whether it fhall ever be unfolded. 


Sufpenfion of amimation, without becoming 
death, is lefs repugnant to the mind, when an 
animal is prefented that will feed voracioufly, 
and then abftain from food for eighteen months 

ey Or 
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or. three years. An animal that can. lofe its 
blood, its heart, or its brain, without immediate 
death, and one that exhibits voluntary motions 
after decapitation, nay, which will live thus a 
year; and the head then grow to the place from 
whichit was taken. whined : 


Socoloff remarks it as a fingular ctrcumftance, 
“that an infect, immerfed in: {pivit of. wine a quar- 
ter of an hour, will revive... He threw a number 
of flies, that had been accidentally drowned, a- 
mong: wood-afhes, and was furprifed to find them 
alive. . He repeated the. experiment, and _the flies 
revived. . He had equal fuccefs with fome {mall 
beetles. . The experiment was repeated five times 
within three hours on a {mall: {pider, which fo 
much weakened jt at laft, that it could {carce- 
ly recover. Common bugs’ revived, but they 
required to, be longer among the wood-athes, 
Millipedes would nat revive. Earth worms im- 
merfed nineteen hours. in oil, which is a fluid 
moft deftruciive to all their, race, revived when 
Spallanzani put them in humid earth. Dr 
Franklin affirms, that flies drowned in Madeira 
revived after, fix months.. Mr Gough made a 
number. of experiments on drowned | infects, 
None revived, if immerfed longer than. two or 
three minutes, except the nut-weevil, which was 
in brandy« feyenteen™ hours. . He quotes inftances 


of 
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of thefe animals living terpid, and not deftroyed, 
though bottled up in a phial of brandy many 
weeks. It is rational to fuppofe that fome ani- 
mals may fuffer very long immerfion in water 
without the vital principle being extinguithed ; 
at leaft, not nearly fo foon as has been fup- 
pofed. 

The fuccef$ of naturalifts in reviving the wheel 
animal has been very various: Muller never faw 
it recover after being two minutes dry, unlefs in- 
volved in fome terreftrial fubftance. Fontana 
revived it after being dry two years. Virey 
thinks no organifed being can dry without death, 
nor that the complete deficcation of animalcula Le far-§ » 2 
can happen, unlefs to their deitrudion,.—Is it 
poffible to conceive, that any portion of humidi- 
‘ty remains when an animal has been a-year out 
of water, its native element, and the whole or- 
ganic functions interrupted, or that its own fluids 
are not contracted, hardened, and dried up. Yet, 
in addition to the inftances of animals that: have 
remained dry two, fix, or twenty-feven years, 
and then come to life, it is confidently afferted 
that the hair worm will revive ‘after long deficea- 
tion; and there is an account tolerably well au- 
thenticated, though I do not confider it abfolute 
proof, of {nails reviving when put in water after 
they had been kept-in a cabinet fixteen years, 
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From obfervations. made by myfelf, I have 
great reafon to fuppofe fome fpecies of. fnails 
are refufcitant, and that: feveral’ infafion ani- 
malcula enjoy the fame privilege.—Plants are 
undoubtedly a kind of organifed beings, whofe 
life and propagation bear the neareft refem- 
blance to thofe of animals. In a: late experi- 
ment, the water lentil revived thirty-three months _ 
after it was dried. Moffes, it is faid, have reviv- 
ed after an hundred years deficcation, and feeds. 
preferved their vegetative faculty two hundred. 
years. } 3 


Thofe wHo Have been: unfuccefsful in re-- 
viving refurgent animals, have either negleCted’ 
the neceflary conditions, in the fame manner as. 
the ufe of one ftimulant will excite vitality, 
while the want of it, or employment of: an-- 
other, will allow fufpended animation to termi-. 
_ mate in a€tual death; or they have not attend- 
ed to the proper fpecies.of animals. But we are 
fafe to conclude, that the vital. fun@ions may be 
fufpended incredibly long, and the animal ftill 
revive, and. that there are animals which may 
exift years in complete deficeation, without the. | 
principle of life being loft.. AIL this is only fuf-. 
_ pended animation ; it is not death. ‘May there 
be fuch a thing as a fecond creation: of life? 
If the life of the impregnated germ is created,. 
“perhaps the fame creation, if fuch an idea can. 

: he 
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be admitted, happens to the animals whofe anima- 
tion we conceive to be only fufpended.—Should 
it actually be fo, their ftate is abfolute death. 


Where is the immaterial and fentient principle — 
during this long interval of corporeal repofe ? 
Is it annihilated and again renewed, or does it 
exift totally independent of the ftate into which 
the material part of organization may be brought? 


V. Onicin oF Mouup.—The obfcurity which 
reigned over the origin of animated nature has 
been diffipated by the penetration of philofophers. 
Abfurd and contradictory ideas were formerly 
embraced by thofe who called themfelves learned. 
Adopting a hafty opinion from a curfory glance, 

and without time for inveitigation or judgment to 
- difcriminate, they hurried on into error ; and at 
length became fo deeply entangled, that to be ex- 
tricated was impoffible, unlefs by totally abandon- 
ing received theories, and entering on experiment, 
which is the only infallible guide to truth. 


The uniformity beheld in the generation of the 
larger animals, the mutual intercourfe of fexes, 
and particular periods of geftation, were facts fo 
evident and undeniable, that any doubt or quef- 
tion concerning their exiftence proved itfelf falfe. 
But it was different with animals more minute. 
Butterflies and bees appeared without any pro- 
ducing parent; myriads of wafps and flies were 
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feen about the mud of rivers and putrid carcafes 5 
whence, then, did they originate?» Some fups 
pofed them to come from one :thing,. fome from 
another, from mud, lime, fhells, or, as it would 
feem, whatever the animals were neareft to at the 
time; but the great fource of all was believed to. 
be putrefaction ; that, by general concurrence, 
was admitted to be the origin of infects,.and. 
many other animated beings. — It is inconceivable 
how long this opinion was maintained. Ocu- 
lar demonftration of the reverfe was hardly 
judged conviction, and treatifes were even written 
in its fupport.. Others, more watchful of the pro- 
grefs of nature, law an egg produced by an in- © 
fect; they kept it till a worm came forth; and 
preferved the worm until, by a complete meta- 
morphofis, it changed into a winged animal. 
Thus was the real origin of an immenfe part of 
the creation afcertained.: \ 


It is not fo furprifing that the fpontaneous ge- 
neration of plants alfo gained credit in the fulleft 
extent. The feeds were either fo minute or fo. 
dificult to be found, that they eluded the moft 
accurate fearch, and in this manner gave foun- 
dation to conclude that there were nones Now 
is it univerfally received, that the origin of every 
plant muft be from fome part of another plant; 
. and 
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and it was probably the inability to difcover that 
- part, or to recognife the feeds, that allowed the 
belief of fpontaneous generation. All this was 
applied to the very minute plants of mould. The 
feeds were invifible, or not recognifed : eminent 
philofophers of modern date thought they had 
none, and advanced cogent arguments for fponta- 
neous production of the plants. It is, indeed, very 
difficult to account for the exiftence of feeds: in 
certain fituations, unlefs by admitting that, like 
the germs of animalcula, they are univerfally dif- 
_perfed, and, falling every where without any law, 
expand in thofe fituations only which are conge- 
nial to their nature. One of the niceft points to 
be inveftigated in the natural hiftory of mould 
confifts in examining the places where feeds are 
found. | 


When a minnow or a leech dies under water, . 
even feveral inches from the furface, and has {el- 
dom or never come there but for the purpofe of 
re{piration, it will foon be covered with a peculiar 
kind of long flender mould, while lying at the 
bottom, as I have repeatedly feen. Various fpe- 
cies, fome thicker, others more bufhy and fhort- 
er, grow on different animal or vegetable fubftan- 
ces alfo under water: it then feems more luxu- 
riant, which is a general remark to be made of 
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mould where it imbibes moft nutriment. Whence 
does this mould originate? Does the fifh, or 
whatever it is, receive the feeds of the plant the 
moment it comes in contact with the air? Do 
they adhere to it without being wafhed off by the 
water, until the conditions neceflary for their 
expanfion concur in its death and tendency to pu- 
trefaction ?—Is it more reafonable to fuppofe the 
feeds are difperfed through the water, continually 
ready to be attached to the fubftances prefented, 
to expand and produce their plant. Philofophic 
botanifts may decide which of thefe opinions is 
the more probable. But it would rather appear, 
that the feeds of mould are difperfed in water ; 
for I have kept many aquatic animals, which 1 
can hardly think came to the furface during a 
long time, and if they required air, perhaps ex- 
tracted or received it from the furrounding wa- 
ter: and, after death, luxuriant mould grew up- 
on them. ‘The thicknefs of this aquatic mould 
has been confiderable, but never equally fo as 
mould growing in the open air, which, it may be, 
arifes from the difference of fpecies more than 
from privation of circulating air. There is no 
reafon why mould fhould not thrive in water juft 
as well as many plants, whofe natural aliment 
is there, and abforb air in the fame manner 3. be- 
caufe there are facts which feem to prove the ex- 

ta iftence 
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iftence of certain fpecies of aquatic mould that are 
not to be found on terreftrial fubftances. 


Mould is fometimes feen in nuts and other fhell | 
fruit, without any vifible opening. In this cafe, 
it has,.perhaps, penetrated the parts of fruétifica- 
tion in an early ftage, or while the plant was in 
flower ;. for it is unlikely that the feeds, how- 
ever minute, will penetrate a thick fhell where 
pores do not abound. ‘They may lie in the fruit 
till. an opportunity. occurs: for their develope- 
ment. ‘Thefe examples, it is true, are attended. 
with great difhculty ; but there are certainly me- 
thods. of explaining them, though ftill undif- 
covered, unlefs we recur to equivocal generation, 
which is abfurd. | 


Another theory may be conceived, which is the 
moft probable of any. The feeds of mould may be 
diffeminated in fuch abundance as to enter into- 
the compofition of all animal and vegetable fub- 
ftances. They find a receptacle in the external 
pores, or enter within the body itfelf If a fice. 
of moiftened bread is put under a very {mall re- 
ceiver, it will foon be covered with as many 
plants as would require millions of feeds for their 
origin. Six fquare inches of flour and water 
boiled into pafte, and put under a receiver, not 
above eleven or twelve inches in capacity, have. 

fhown: 
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fhown a vaft variety of mould*both'in colour and 
fpecies. -Some long flender filaments crowned 
by a globule, fome thick bufhes with fruit on 
every branch, fome very fhort, and confilting al- 
moft of duft. . Then in one place.a green fpot 3 
in’ another, lead: colour, blue, red, or yellow. 
Whether is it more probable, that all. the feeds, 
producing this infinite variety, have fallen from 
the air. of the:receiver, that they are:communi- 
cated: by the moiftening liquid, or form a part of 
the bread and flour ; the laft fuppofition ‘is not 
the moft difficult: it is the readieft method ‘of 
accounting: for the Sk EeDiaNeey abundance and 
univerfal exiftence of mould. 


But wherefore all this anxiety for framing theos 
ries. Let us be better acquainted with the king- 
doms of-nature ; and, by deep invefligation, en- 
deavour to become intimately acquainted with the 
real properties of plants and animals. 


To defcribe the prodigious variety of mould 
would require a volume: it would be a metho- 
dical fyftem of botany. A fleece of long white 
mould will cover one fubftance ; and it is fome- 
times fo fhort as to have. hardly any fenfible 
length. ‘The ftalk of a few fpecies is articulated 
like a ftalk of corn. In, general, it is. ftraight, 
flender, and tranfparent. ‘Sometimes it confifts 
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of alternate angles, and at each is a globule ; or it 
is intricate and .confufed below, but with fruit fur- 
rounding the extremities. The figure of the glo- 
bule is various ;. fome are fpherical, fome flattith, 
ansboshert a pares, cone, 


‘i | All eng saseinls meen not to be clafled a- . 
mong fungous plants. I have feen feveral fpecies 
which rather appeared to belong to. grafles : and 
oftener than once, 1 have thought flowers were 
perceptible. The (Cryptogamia formed an immenfe 
pit, into which every plant of obfcure origin, 
little known, or imperfectly defcribed, was thrown. 
It only requires attention and experiment to dif- 
cover the real properties of bodies, and thus to 
affign them their proper place. It appears indu- 
bitable that fome kinds of mould belong to ge 
nera or plants whofe larger {pecies are well 
known ; but there may alfo be many which ex- 
hibit peculiarities to be found in none other. 
The knowledge of this beautiful part of botany i is 
in its infancy: diminutive objects are too apt to 
be confidered as undeferving of notice; but to 
the philofopher all the works ei nature are pleaf- 


i 


ing and. interefting. 


ANIMAL Repropuction.—In all the field 
of natural hiftory there is no fubje& more 
extraordinary than animal reproductions. Ge- 

| neration 


Ixll INTRODUCTORY OBSERVATIONS. 


neration itfelf is hardly fo wonderful. There, 
indeed, by the laws of organization, the germ of 
an impregnated egg unfolds. Nutrition is fup- 
plied, and all the parts expand until the final term 
of increment arrives. This isan immutable ordi- 
nation, and belongs to every animal alike that pro- 
pagates by a foetus or eggs. Ifa limb is deftroy- 
ed after attaining its full fize, in numberlefs in- 
ftances, it is loft for ever; nay, the remaining 
trunk in general withers and decays.—But there 
are fome animals fingularly privileged by na- 
ture. Let a member be torn off; the wanting 
limb is in the fame ftate as before the a& of the 
parent animals in generating and fecundating the 
germ: it is even lefs in exiftence ; for the ori- 
ginal germ of the defettive-part is alfo deftroyed. 
Yet, not only will a new generation enfue, the 
amputated portion be produced as complete and 
entire as what was taken away, but, unlike the 
- firft evolution, which was of all the parts, this 
will acquire the fize, figure, and motion, peculiar 
io itfelf, independent of the reft of the body. _ 


In whatever lives there is‘a powerful tendency 
to vegetation, and heat is one great fource of ex- 
iftence. Animals are more lively, their in- 
creafe is more rapid, and eggs more numeroufly 
hatched, according to the external heat that pre- 
vails ; and the reverfe fucceeds with cold. ‘The 

fame 
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fame is an invariable rule with the reproductions 
of mutilated members.—Two general clafles of 
animals are the cold and warm blooded. The lat- 
ter always remain nearly at the fame degree of 
heat, that is, commonly between g6° and 104°; 
though the furrounding medium fhould be very 
far above or below thefe limits. Thofe with 
cold blood are not far from the temperature of 
the furrounding medium ; and if it increafes to a 
great degree, or falls very low, a material change 
is produced on their fyitem. ‘Thefe animals feem 
to enjoy feveral eminent prerogatives refpecting 
their individual fafety ; and among others, that of 
reproduction. Few material parts of warm blood- 
ed animals are regenerated ; while of fome cold 
blooded animals, there are few that are not re- 
produced. But heat is equally effential to this 
regeneration as it is to propagation and exclu- 
fion. Although we diyide animals into cold and 
warm, cold is but a relative expreffion ; for, ir 
the total abfence of heat, life would be extiné ; 
and we always fee it deftroyed by a confiderable 
degree of cold. | 


Even in warm blooded animals, there are im- 
portant reproductions continually going on, per- 
haps from the moment of birth until death. The 
- fluids are continually wafted and repaired. The 
3 7 infenfible | 
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infenfible parts, the hair, the nails, the fkin, are 
- conftantly falling off and produced again. .Some 
parts regenerate only once or twice during life ; 
others hardly ceafe before the reproductive fa- 
culty is loft for ever. : 


Several parts of the body are acquired after 
birth. Then the teeth of mankind feldom exitft. 
In a few years, thofe firft expanding are loft and 
replaced by others, which remain ferviceable , 
until decayed by time. Sometimes, at a very 
advanced age, a new fet appears, even at an 
age which few live to attain ; and thefe, whofe 
germs have exifted a century in the perfon, (if 
germs or organs are not created,) are as found 
and entire as in the moft vigorous and youthful. 
The hair grows rapidly after birth ; it is continu- 
ally deftroyed and conftantly reproduced, and 
in fuch a manner that it will frequently branch 
afunder.. This is the common courfe repeatedly 
ina year; but itis very remarkable, that, after ten 
or twelve years, it begins only then to grow on 
particular parts of the body: and after it fprings, 
there feems to be very little reprodu€tion. The 
nature and properties of this fubftance are as yet 
but imperfectly underftood. The renewal of the. 
fkin is almoft infenfible ; it comes off in minute 
{cales. One inftance occurred where the whole. 


ikin of both hands, up to the wrift,. was thrown 
off 
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off like a pair of gloves, frequently in a year, 
without any material inconvenience attending the 
change. 


“Were it poffible to afcertain the fact, I fhould 
fuppofe that many parts of the human body 
would reproduce. ‘The fides of a wound unite, 
and pieces of flefh are always regenerated. There 
is much reafon to think that fome part of a mu- 
tilated limb might be reproduced, was it not 
from the methods pra¢tifed in healing the wounds. 
Examples of human reproduétions are numerous. 
An inftance lately occurred of a child born with 
two thumbs on one hand, and each with a perfect 
nail. When the child was three years old, the 
fupernumerary thumb was amputated ; however, 
it grew again, bearing a nail. It ‘was cut off a 
fecond time, yet a third thumb like the firft was 
reproduced, . 


~ The ends of fractured bones will grow ; nay, 
entire bones have fometimes been regenerated. 
The head, neck, and part of the os humeri, we 
are aflured, have been repaired. ‘The complete 
bone of the leg, between the joints, was extracted 
by an operation ; it was afterwards fully repair- 
ed. ‘The whole has been caft off by exoliation, 
and a new bone grown in its place. 
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There is a remarkable fympathy often beheld 
between fome parts of animals that are continually 
reproducing, and thofe which never regenerate. 

‘No part is more conftantly reproduced than’ the 
beard ; its progrefs is frequently perceptible in a 
few hours; but caftration puts an end to it for 
ever. Many animals reproduce the horns every 
year ; but caltration of the animal without them 
prevents their growth : and it is faid, the-caftra- . 
tion of an adult male prevents them from falling 
again. This operation produces a fingular effect 
on the frame: a vifible change enfues; the in- 
crement of certain parts terminates, while‘others 
extend to an immoderate fize. Eyen the mind 
ig materially affected. 


Throughout moft of the animal fcale, there is 
a general reproduction of the parts which are of 
a fimilar nature. ‘The fkin, nails, hair, feathers, 
horns, and fcales, have a great analogy to each. 
other. Some of thefe, which, m particular ani- 
mals, are renewed by a»partial and continual 
change, are loft and repaired by others all at 
once. Serpents and caterpillars caft the whole 
fkin. A caterpillar will in 4 fhort time. repro- 
duce fix or feven,—within a few months. The 
lobfter annually throws off its fhell, and acquires 
a new one; and, with the fhell, it alfo lofes the 
Stomach. The feathers of birds are changed 
| gnee 
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once a year; but feveral imales acquire a long 
and beautiful tail only during the feaion of their 
amours, which afterwards falls off. The hair of 
thofe quadrupeds that inhabit the northern cii- 
mates grows in much greater appaenlty as the ris 
gours of the feafon become miore intenfe. ‘The 
{cales of fifhes; according to fome naturalifts, are 
yearly renewed ; but, in the opinion of others, 
they only acquire an additional ring: Certain 
horns alfo grow by an additional fheath pel rlodl- — 
site noe 


In moft of the warm bldoded animals, the tn- 
evitable confequence of mutilating important or- 
gans is death ; even unfkilful treatment of thofe 
that appear of lefs confequence is generally at- 
tended with pernicious effects. he fhecis fot: 
tained, the pai they endure, and the lofs of 
blood, ail combined, have a fatal tendency, which 
ends in total deftruction. ‘lhe difference is incre. 
dible in the mutilations of animals which do nor 
poffefs much internal heat: Not to {peak of the po- 
lypus, which is well known to enjoy the property, 
of living though eut in pieces, ‘and each becom- 
ing a new and complete animal, there are fome 
other animals that enjoy prerogatives nearly as 
great; and many which furvive the utmoft vio- 
lence committed on the body. The claws of 
lobfters torn off will grow again. The leas 
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and tail cut off a water newt will be reproduced. 
Lofing the head is not a mortal mutilation. 1 
have feen. one of the planarig regenerate a new 
head in fourteen or fixteen days; and the 
fevered head acquires a new body. Indeed, the 
reproductive faculties of this animal are almoft 
equal to thofe of the polypus, and perhaps will 
prove a more interefting fubje@ for experiment. 
Indifputable evidence proves, that the {nail will 
acquire a new head in. place of the old one cut 
off, and that it regenerates almoft every other 
part of the body. Certainly it is a moft extra- 
ordinary property, to reproduce one of thefe or- 
gans commonly reputed the moft important in 
the prefervation of animal life. But we have al- 
ready feen, that thofe organs which are of the 
utmoit confeguence to one animal are not fo ta 
another ;. and that they may be wounded, muti- 
lated, or.deftroyed, without death infallibly fol- 
lowing. ‘The reproduétive faculty is not exhautt- 
ed by a fingle regeneration: if the fecond head 
is fevered, a third will come in its place ;, and.if _ 
this alfo is cut off, another will grow.. 


The fea anemone, fome {pecies of which are fe- 
yveral mches in diameter, and which realifes the an- 
cient fable, applied to another animal, of produ- 
cing its young by. the mouth, pofleffes the repro- 
<luctive. property in a degree iittle mferior to the 
golypus. If the earth worm. is cut in pieces, each . 
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will live and produce a new worm. Some fingula- 
rities arife from thefe mutilations. If the two ends 
are cut off a worm, the middle piece will become 
a perfect animal; but the head will not germinate 
from what we fhould fuppofe the natural place, 
that is, the anterior part; on the contrary, it 
proceeds from the portion that was next the 
original tail ; and the new tail will grow from 
the anterior part of the trunk. It has been fup- 
pofed, that the difficulty of eradicating that ter- 
tible fcourge of mankind, the tenia, is owing to 
the prompt and fudden reproduction of mutilated 
parts. Numbers of marine animals, fuch as af- 
teria, medufz, even fifhes, enjoy this property ; 
and it is thought that it defcends to the animalcula 
of infufions. In fhort, there is every reafon to 
believe that it is widely diffufed through the ani. 
mal fcale; and, if experiments could be made 
without endangering life, or inducing difeafe, 
that its empire would be found far more extenfive 
than poflibly can be conceived. 

The firft obfervations on animal reprodu@ion 
were readily credited, becaufe they related to 
parts without which it was known an animal 
might exift; but when fuch obfervations were 
extended to the organs moft material and impor- 
tant to life, and when the lofs of thefe daily tefs 
tified that the animal inevitably perifhed, an unu- 
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fual degree of furprife and diftruft arofe. When 
the head was fevered from the body, either inten- 
tionally or by accident, every known animal was 
deitroyed. ‘Therefore, the aflertion that a new head 
would grow in place of the old. one, naturally met 
with diferedit. Intelligent perfons reafoned from 
what had happened, and not from what might 
enfue. Certainly we can hardly call their hefita- 
tion culpable : and it has tended to one good con- 
Yequence, namely, the eftablifhment of the fact 
without difpute. But, in the profecution of thefe 
experiments, diftruft will gradually wear away : 
when we fee the fins, flefh, bones, claws, feet, 
eyes, and jaws of an animal regenerated, and 
behold an animal furvive after being divided in 
pieces, it is not fo repugnant to think that it may 
reproduce the head. 


If there is any reafon why certain anirhals en- 
joy this fingular prerogative in its full extent, it 
is yet unknown. ‘Thofe hardy philofophers, who 
are irrefiftibly impelled to account for every phe- 
nomenon they behold, are continually deceived ; 
and in nothing is it more eminent than their ar. 

uments, once efteemed plaufible, for the repro- 
duction of loft parts. Here there is an immenfe 
fource of information to be laid open to phyfio- 
logifts, both with regard to. the regeneration of 


important 
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important organs, and the difcovery of facts re- 
fpeCting the mental powers. But in all expe- 
riments and reafoning, it will be found that na- 
ture purfues a certain determinate courfe ; if there 
are deviations from it, they are accidental ; and 
the fame uninterrupted and imvariable line will 
be refumed, whenever the caufe obftructing it is 
removed. 
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ANIMALCULA OF INFUSIONS. 


CHAPTER I, 


WHETHER, ACCORDING TO A NEW THEORY OF GE- 
NERATION, ANIMALCULA ARE PRODUCED BY A VE- 
GETATIVE POWER IN MATTER. INFUSIONS’ AND IN- 
FUSED SUBSTANCES EXPOSED JO HEAT, 


Noruine is more common with philofophers 
wwho have invented any theory, or given a new 
form to one already eftablifhed, and univerfaily 
known, than to republifh it on fome other oc- 
cafion, corrected, improved, or illuftrated, with 
additional information. If we would review our 
difcoveries, if we would examine them profound- 
ly and with impartiality, we fhould in general 
find defects unnoticed before, which arife from 

VoL. I. A | the 
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the want of connection in fentiment, from the 
want of a neceflary and laudable perfpicuity, or 
becaufe they are difcordant with more recent 
difcoveries. . 

A certain vegetative power fome have conceiv- 
ed to refide in matter, appropriated to the forma- 
tion and regulation of organifed exiftence; that 
by it are the numberlefs combinations of the ani- 
mal machine effected ; the operation of nutrition 
and perfpiration, the variety of conftitution, the 
animal appetites and dimenfions of the human 
frame. By the fame means has it been explain- 
ed why a blind or a maimed perfon may have 
children vigorous and entire; becaufe the vege- 
tative power will reftore to them the member 
defective in the. parent, 

Not only has it been fuppofed to be deftined 
for the organization of matter in animated be- 
ings, but that it might change an animal to the 
vegetable ftate, and the vegetable again to an 
animal; that it acts on plants while living, and 
when dead -regenerates them in new beings; 
thefe are the animalcula of infufions, which 
cannot ftrictly be called animals, but beings 
fimply vital. 

One proof adduced in eve of this hypo- 
thefis, is derived from the origin of animalcula. 
We are told they muft either come from fpecific 
feeds, or be produced by the vegetative power ; 

that 
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that the firft cannot take place, becaufe they are 
found in clofe veffels fubjected to the action of 
heat, equally as in open veflels, whereas the in- 
cluded germs, if there were any, ought not ‘to 
-urvive. Therefore, they muft originate from the 
vegetative power alone. Nothing has been o- 
mitted to& obtain favourable arguments for this 
opinion, and to give it that clearnefs, elegance, 
and fimplicity moft likely to gain converts. 

Nineteen veflels, containing infufed fubftances, 
were hermetically fealed, and kept an hour in 
boiling water. Being opened at a proper time, 
not a fingle animalcula was to be feen(1). To 
this experiment of mine, it was objected that the 
long continuance of heat had perhaps entirely 
deftroyed the vegetative power of the ‘infufed 
fubftances, or materially injured the elaiticity of 
the air remaining included in the vefiels 5 thus, it 
was not-furprifing if amimalcula did not appear. 

To eftimate the weight of thefe objections, I 
conceived an experiment apparently decifive ; 
which was, to make nifteteen infufions, and boil 
fome of them a fhort time, others longer, and | 
the reft very long. If it was founded, the num- 
ber of animalcula would be lefs according to the 
duration of boiling, if not, the number would be 
alike in all cafes: “ 


A 2 Vegetable 


{1 ) Saggio di offervazicni microfcopicl ‘ 
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Vegetable feeds, being the moft fit for produc- 
ing animalcula, were preferred to other fubftan- 
ces, and thofe that never failed to produce them 
though they had experienced the influence of 
heat. White kidney beans, vetches, buck-wheat, 
barley, maize, the feeds of mallows and beets 
were infufed ; and, that the experiment might be 
the more accurate, I endeavoured as much as. 
poflible to take each fpecies of feed from the 
fame plant. As the yolk of an egg in macera- 
tion abounds with animalcula, one was alfo infuf- 
ed. | 

Experiment has demonttrated, that the heat of 
boiling water is not always the fame, but great- 
er, if the atmofphere is heavier; and lefs, if 
lighter: therefore, water will acquire more heat 
at one time than another, which will be propor. 
tioned to the ftate of the atmofphere. In this, 
and my other experiments, the feven different 
kinds of feeds, and the yolk, were all boiled an 
equal time, that they might acquire the fame de- 
gree of heat. Here the experiment was diverfi- 
fied, by boiling a certain quantity of each infufion 
half an hour; another quantity, an hour; a third, 
an hour and a half ; and a fourth, two hours. 
- Thus, four claffes of infufion, and the egg, could 
be formed. ‘The fame water, im which the feeds 
had boiled, was taken for the infufions, and 
what had boiled half an hour alone taken for 

| the 
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the feeds that had boiled half an hour. The like 

‘proportions of time were preferved in the water 
for the other three clafles of infufions ; that is, 
an hour,-one and a half, and two hours. 

Each of the four claffes was marked with a 
different number, to avoid all hazard of confu- 
fion or error: and, becaufe an equal temperature 
was moft effential, all were depofited in the fame 
place. The veffels, containing the infufions, were 
not hermetically fealed; but loofely ftopped with 
corks; the only object of this examination being 
to difcover, whether long protracted ebullition 
would prejudice or deftroy the property of inful- 
ed fubftances m producing animalcula; if it 
did, there would be no difference whether the 
veflels were open or clofe: 

The examination of one, or of few drops, will 
often induce an obferver to fuppofe the infufion 
quite deferted, or very thinly inhabited, while 
the obfervation of many drops proves it to be 
otherwife. J was not content with one drop on- 
ly, but uniformly took a confiderable number 
from each infufion. 

The furface of infufions is generally covered- 
with a gelatinous fcum, thin at firft, and eafily 
broken, which, in procefs of time, acquires Cong 
fiftence. Here, animalcula are always moft 
numerous, as may be feen by a method I have 

Meg con{tantly 
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conftantly practifed, examining with a magnifier 
a portion placed in a ftrong light. 

Where the animalcula are minute, or. rare, 
the thicknefs of the infufion. often prevents the 
obferver from diftinguifhing whether any are 
there or not. It is then neceflary to dilute the 
drops with water. Elfewhere it has been. re- 
marked, that diftilled water was taken to make 
the infufions; common water might introduce 
fome latent animalcule (1). Inthe courfe of thefe 
obfervations and experiments, diltilled water has 
alfo ies employed for dilution, when required ; 
and, for greater fecurity, examined with a mag- 
nifier no being ufed. In particular cafes, the 
accidental. concealment of a fingle animalcule 
might vitiate the truth of the experiment. 

I conceive it my duty to mention precautions 
fo effential, and to put it in every individual’s 
power to judge not only of the experiments and - 
obfervations themfelves, but of the mode of con- 
dudting them in matters fo nice and important. 

On the 15 of September, I made thirty-two 
infufions; and on the 23 examined them for 
the firft time.. Animalcula were in all; but the 
number and. fpecies different in each.. In the 
maize infufions, they were fmaller, and propor- 
tionally more rare, according to the duration of 
boiling. 
| From 

(1) Saggio o diflertazione citat. Cap. 4. 
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From this it may feem, that although long 
continued heat had not prevented the produétion 
of animalcula, it had contributed to diminih the 
number, or alter the kind. But with the reft of 
the infufions it was otherwife: the kidney beans, 
vetches, barley, and mallow feeds, were ina bet- 
ter condition, after fuftaining the violent impref- 
fion of heat two hours, than thofe that had been 
expofed to it lefs. Let us enter on that detail 
which the fubject merits. 

In the infufion of kidney beans, boiled two 
hours, were three fpecies of animalcula;. very 
large ; middle fized; and very fmall. The fi- 
gure ofthe firft, partly umbellated and attached 
to long filaments dragged along in their pro- 


_. prefs; the fecond were cylindrical ; .and- the 


third, globular. All three were incredibly nu- 
merous: being . 
In the aban boiled two hours, were animal- 
cula of the largeft and fmalleft clafs, but few in 
number; {till fewer, in that boiled an hour; 

and feweit of all, in that boiled half an hour. 
The infufion of mallows, boiled two hours, 
produced middle fized circular animaleula; and 
fome very large, with the head extremity hooked. 
In two infufions, boiled, an hour, and an “hour 
and a half; the number and {pecies were the 
fame: and though they might be furpaffed by 
thofe of the infufions boiled two hours, {till they 
ANZ were 
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were much more numerous than in thofe boiled 
half an hour. 

In vetches, boiled half an hour, was an im- 
menfe number of femicircular bell-fhaped ani- 
malcula,. all of confiderable fize, while in thofe 
boiled an hour and a half, they were fimall and. 
rare. Some bell-{fhaped animalcula might be feen. 
man infufion boiled an hour, but it gave the 
eye pain to difcover a few, and thefe:moft minute, 
when it had boiled only half an hour. - 

Thofe m a barley infufion. boiled two hours 
were numerous beyond. defcription, and large ; 
part.of an elliptic figure, others oblong (1). The 
infufions. boiled an hour and a half had but a 
moderate number of animalcula very minute 
and fome appeared when boiled half an hour.. 

There was no fixed rule with the remaining in- 
fufions.. In buck-wheat boiled’ an hour: anda 
half were many more animalcula than in any other 
infufions of. it. This alfo happened in the egg 
and beet feed boiled an hour; but it is to be re- 
marked, that fewer animalcula were in thefe two: 
infufions boiled half an hour than in any of the reft.. 

Hitherto, the figure of thefe legions of animal- 
cula has been curforily alluded to.. A. circum- 

| ~ {tantial: 

(1) Probably the author means different kinds of ellipfe. 
At the fame time, there are-animalcula, though.few, near- 
ly of an oblong figure. - Mott of the defcriptions in all this 
Tra& are fo general, that it is difficult to afcertain the 

exact fpecies of animalcula.—Transtaror. 
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ftantial account is in my Differtations, and it will 
be fpoken of more at large in the courfe of the 
Fract. 

Thus, it is clearly evident, that long boiling of 
feed infufions does not prevent the production of 
animalcula ; and, notwith{tanding the maize does 
not feem to favour it, four infufions a cor 
roborate the fact. 

What is the caufe that infufions boiled leaft 
have feweft animalcula? I cannot think myfelf 
miftaken in afligning the following reafon. That 
animalcula fhould appear, it is neceflary that the 
macerating fub{tances give fome indication of the 
diffolution of their parts; and, in proportion as 
diffolution advances, at leaft for a limited time, 
the number of animalcula will increafe. The uni- 
formity of this has been fhewn in another place, 
and would. be confirmed, was it requifite, by fur- 
ther experiments and obfervations, in thefe new 
inquiries. Now, as feeds have boiled a fhorter 
time, fo are they lefs invefted and penetrated by 
the diflolving power of heat ; therefore, when fet 
apart to macerate, they are not fo foon decom- 
pofed as thofe longer boiled. ‘Thus, there is no 
occafion for furprife if fome infufions fwarm with 
animalcula while others have very few: And 
this I do believe the reafon why, when two infu- 
fions are made at the fame time, one of unboil- 
ed, the other of boiled feeds, animalcula are ire- 

quently 
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quently obferved much fooner in the latter than 
in the former. A little boiling will not decompofe 
vegetable feeds, for decompofition is effected by 
flow and gradual maceration. 

Some days after thefe experiments, the number 
of animalcula always became greater; and towards 
the middle of O@ober increafed fo much, that 
each of the thirty-two infufions was equally fwarm- 
ing. The only difference was in fize, figure, and 
motion: I enjoyed this pleafing microfcopic fcene 
uninterrupted until the 10 of November 3 and it 
might have amufed me longer had I continued 
to examine the infufions. 

It ought not to be omitted, that experiments 
exactly fimilar were foon afterwards made with 
peafe, lentils, beans, and hemp feed. Except in 
the beans, the refult fo far correfponded, that a 
greater number of animalcula appeared in the in- 
fufions that had boiled moft. : 

It is a fact eftablifhed by the univerfal concur 
rence of philofophers, that, after water has come 
to the ftate of ebullition, it cannot acquire a 
greater degree of heat, however much the action | 
of the fire may be augmented, provided it can 
evaporate. Therefore, when I fay the feeds boil- 
ed longeft have acquired greater heat, I mean it 
to be underftood in time and not intenfity, by 
fuppofing that the duration of boiling encreafed 
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the intenfity of heat the feeds would be expofed 
to. | | 
Recourle was had to another experiment. to 
learn whether an encreafe of heat would obftrué 
the production of animalcula. The eleven {pe- 
cies of feeds were flowly heated in a coffee roafter 
till they became pretty well roafted, and eleven 
infufions formed of them with water previoufly 
boiled as ufual. But this heat, fo much more 
intenfe, neither prevented the origin of animal- 
cula nor leflened the number. ‘They were rare 
at firft; but about the middle of OGober,. that 
is, twenty days after making the infufions, the 
fluid was fo full as abfolutely to appear animat- 
ed. | 
The conftancy of their appearing even here, 
excited my curiofity to augment the heat ftill 
more. ‘The feeds’ were burnt and ground the 
fame as we burn and grind coffee. Of the dutft, 
which refembled foot, I made as many infufions 
as different kinds of feed: likewife, an infufion 
was made of the yolk of an egg, which by the 
thermometer had fuffered 279° of heat (1). What 


followed? - 


(1) The author ufed Reaumur’s thermometer in all his 
experiments. As Fahrenheit’s is the only thermometer 
ufed in this country, the degrees of heat are here reduced 
to his ftandard, 2.25 of Fahrenheit being equal ‘to 1° 
of Reaumur. The fractional parts of the former are not 
given, both becaufe experiments can feldom be made with- 


in 
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followed? Animalcula equally appeared in thefe 
infufions, only a little more time elapfed befofe 
they became fo numerous, becaufe the weather 
was colder; and they uniformly inhabit infu- 
fions fooner or later according to the tempera- 
ture of the atmofphere. 

Vegetable feeds were expofed to trials more 
fevere: they were expofed to the greateft heat 
that can be excited by common fires, or fire aug- 
mented by art. Burning coals, and the flame of 
the blow pipe, were the two agents exercifing 
their power on them: And, in the firft place, I 
kept them on an iron plate above burning coals 
until entirely confumed by the violence of the 
flames, and converted to a dry cinder, which was: 
reduced to powder, and as many infufions form: 
ed as there were feeds. A cinder was alfo made 
by the blow pipe, which, befides exteflive aridi- 
ty, had acquired confiderable hardnefs. I muft 
acknowledge I did not in the leaft expeé to find 
animalcula in this new infufion. . After viewing 
them once and again, hardly able to credit my 
eyes, I repeated the experiment twice. Some ful- 
picion arofe that the animalcula might come from 
the water ufed rather than the burnt feeds; 
therefore, on repeating the experiment, the fame 

as 


in parts. of a degrée, or thermometers to agree exactly, and 
becaufe the difference here, where there is any, never 
excecds .25 of 19°.—T. 
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as what formed the infufions was put in other 
veflels. Both times,, however, they re-appeared 
in the burnt feeds, while not one was feen in the 
water. 

Thefe facts fully convinced me, that vegetable 
feeds never fail to produce animalcula, though 
expofed to any degree of heat; whence. arifes a 
direct conclufion, that the vegetative power is nos 
thing but the work of imagination; and if no 
animalcula appear in veffels hermetically fealed 
and kept an hour in boiling water, their abfence 
muft proceed from iome other caufe. 


CHAP. iI. 


WHETHER THE INFLUENCE OF HEAT DIMINISHES 
THE ELASTICITY OF AIR INCLUDED IN ‘VESSELS 
HERMETICALLY SEALED; AND IF IT WOULD BE 
AN OBSTACLE TO THE PRODUCTION OF ANIMAL- 
CULA. 


Tus inquiry may be reduced to two heads: 
Firft, By fubje&ting a given number of veilels 
hermetically fealed to heat fo regulated that 
they might fuffer different degrees, and obierving 
if the production of animalcula is obfiructec or 

altogether 
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altogether prevented, by increafing the heat. Se- 
condly, Whether the increments of heat prove the » 
diminifhed elafticity of the air. ; 

For convenient examination of both, eleven vef- 
fels, containing eleven kinds of the fame vege- 
table feeds as before, were hermetically fealed. 
But, to proceed with due cautioh, it was eflential 
that the included air fhould undergo no fenfible 
rarefaction in fealing with the blow pipe, and not 
lofe its elafticity, which would afluredly happen 
if the veflels' were fealed without any further pre- 
paration, by the flame furrounding and foftening 
the neck: for fuch powerful heat, after commu- 
nicating from the neck to the belly, could not 
but expel great part of the included air, whence 
the part remaining behind would become more or 
lefs rarefied, and more or lefs elaftic accordingly. 
Indeed, when the hermetic feal is broken, after 
the veflel cools, a faint hifling is almoft always 
heard, which proceeds from the air efcaping by 
the orifice: and that this is the fact 1s certain, by 
applying the flame of a candle near the feal ; 
when broke, the flame is driven from the aper- 
ture, and fometimes actually extinguifhed. If the 
feal is broken when the veffel is inverted in wa- 
ter, the water fuddenly. rifes above the level of 
what furrounds the veflel; a moft fatisfa€tory 
proof of the internal air being more ratefied than 
the external. ‘To avoid this mconvenience, - the 
! neck 
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neck of the veflel was drawn out at the lamp al- 
moft to a capillary tube: the {malleft part was 
then inftantaneoufly fealed, fo that the internal 
air could fuffer no alteration, as was evident from 
no hiffing being heard on breaking the vefiel. 
After afcertaining that the included air was of 
the fame denfity as the atmofpherical, it was ne- 
ceflary, before expofing the veflels to heat, to in- 
yeftigate, whether fimple inclufion of the feeds 
would obftruct the production of animalcula: 
Was it fo, it could be afcribed neither to heat 
nor air, but the clofeneis of the veflels alone. 
Other experiments had rendered me cautious 
here(1). They had taught me, 1. Infufion ani- 
maicula are not produced in veflels hermetically 
fealed unlefs the veflels are capacious; 2. ‘They 
are not always produced; 3. ‘hey are never fo 
numerous as in open veffels. I now felt the ne- 
ceflity of fuch circumfpection, and although it 
was ufed, two fubftances, kidney beans and peafe, 
ceafed to produce animalcula. The other nine 
feeds produced a moderate number. ‘To thefe 
nine only, I confined myfelf, and fubjected each 
to heat in the following manner. Nine veflels, 
hermetically fealed, containing feeds, were im- 
merfed in boiling water half a minute ; other 
nine, a minute; nine more, a minute and a half; 
and nine, two minutes. Thus J had thirty-fix in- 


fufions, 


¢ 


# 
(1) Differt. Cap. ro, 
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fufions, the feeds in which were expofed to the 
heat of boiling water. To difcover the proper 
period for examining the fealed veflels, fimilar 
infufions were at the fame time made in open 
veflels; and, when affimalcula abounded there, 
thofe fealed up were vifited. In eleven days, the 
nine open infufions being full of animalcula, it 
feemed fit to examine the others. Gn breaking the 
- firft hermetic feal, a faint hiffing was heard, not 
unlike that mentioned above. Then it did oc- 
cur to me that heat had truly injured the elafti- . 
city of the internal air, and excited me to ob- 
ferve, with the utmoft attention, what happened 
on breaking the feal. The hifling was obvious 
in all; but I foon difcovered it arofe from an op- 
polite caufe, namely, encreafed elafticity of the 
air. In the firft place, the flame of a candle was 
driven from the orifice; fecondly, on juft touch- 
ing the fealed part with a file, it twice fprung 
more than a fpan from the veffel; in the third 
place, on making the infufion flow towards the 
feal, and then breaking it, the infufion violently 
fpouted out; fourthly, the feal being broken 
under water, inftead of running into the veflel, 
the water was forced away. Keflecting on the 
nature of macerating fubftances, I faw it could 
not be otherwife. Vegetable feeds are well 
known to contain a great quantity of air. Dur- 


ing 
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ing their diffolution by heat it muft be extricated, 
and in this way render the portion included more 
elaftic. I do not deny, however, that this encreaf- 
ed elafticity may partly arife from an elaftic fluid, 
-difcovered in vegetables, of.a nature different 
from the atmofpherical fluid. 

To return to my microfcopic examination of 
the fealed infufions. It gave me great furprife 
to fee heat, fo very far inferior to that mentioned 
in the preceding chapter, had obftructed the 
origin of our animalcula. Some infufions were 
an abfolute defart, and others .reduced to fuch 
‘poverty as only to afford fo niany wandering 
animalcula like points, and hardly perceptible(1). 
Let the reader figure two lakes; in one are 
fithes of every fize, from a whale down to the 
imalleft; while in the other are a few mi- 
nute fifhes, not larger than ants, and he will 
have a fenfible idea of the animals appearing in 
the open infufions and thofe that appeared in 
the clofe. I was particularly furprifed how the 
heat of half a minute had been as injurious as 
the heat of two minutes. ‘hele inexpreflibly 


Vo. I. . B minute 
(1) Monas Termo. Muuwxe, Animalcula Infuforia, p. 1. 
. Hauniae, 1786.—This is a fyftematic work on the animal- 
cula of infufions, where the indefatigable author has def- 
cribed 37% f{pecies of thefe fingular beings. The reader 
will find a number of fynonyms, preceding each defcrip- 
tion, if the animalcula has come under the view of other 


’ authors.—T. 
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minute. animalcula were produced from beans, 
vetches, buck-wheat, mallows, maize, and len- 
tils. . Whatever attention was beftowed on the 
other three infufions, I could never difcern the 
leaft indication of animation. 

From this feries of experiments I concluded, 
that the heat of boiling water half a minute was 
fatal to large, middle fized, and fall animalcu- 
la, which, to adopt the energetic expreflion of 
-imy illuttrious friend M. Bonnet, I fhall term ani- 
malcula of the bigher clafs ; while the fame heat, 
protracted two minutes, did not afled the infi- 
nitely minute animalcula, which I fhall term the 
lower clafs.. Here two problems occurred : Whe- 
ther the continuance of boiling longer than twa 
minutes would prevent the origin of the lower 
clafs;. or, if diminifhing the boiling lefs than half 
a minute, would admit the exiftence of the high- 
er clafs. - As no two. problems could be more 
important, I endeavoured to folve them in the 
following manner. 

I began with the firft ; and, ufing the veces 
already obferved, kept veffels with fix kinds of 
feeds, producing the lower clais of animalcula, in 
boiling water, fome two minutes and a half, three 
minutes, three and a half,,and four'‘minutes. 
The hermetical feal of twenty four veffels was. 
-broken at a proper time ; though the higher clafg 
of animalcula was wanting, it was not fo: with 


th 
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the lower; fome were ‘in.all the infufions. In 
general, the hifling was heard on breaking the 
feals, which proceeded from the violent efforts of 
the air, rendered more claftic, to ‘efcape, as the 
proofs already given convinced me, and an addi- 
tional one occurred, than which nothing could 
be more decifive. A {mall barometer was includ- 
ed in a receiver full of common air; whenever 
the neck of .a fealed veflel introduced by the top 
was broke, the mercury rofe inthe barometer. 
To avoid redundancy, 1 may now remark, that 
condenfation of the internal air almoft uniformly 
manifefted itfelf in the other experiment with 
heat yet to be narrated. 

Veflels were immerfed feven minutes in boiling . 
water; animalcula of the lower clafs appeared in 
ail fix ; and they conftantly originated though 
the infufions remained twelve minutes in boiling » 
water. 

Perhaps it may be imagined that feme optical 
ilufion deceived me ; that I was induced to fup- 
pofe the lower clafs of animalcula what arofe on- 
ly from the particles of the infufed fubftances. 
That it might be the swananh: of decompofi- 
won by eradual fermentation, or by their lubrici- 
ty occafioning pean on the leaft fhock 
or agitation ; or of an active and volatile fpirit 
penetrating and putting them in motion; ‘from 
--a great evaporation, or one lefs copious ; fron 
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a powerful attraCtion or repulfion, by which the 
particles of the fubftances were forcibly attracted 
or repelled, or from any other accidental caufe 
deceiving the eye. But im the fame manner as 
thefe, and fo many other fallacious appearances, 
may impofe on him who is only beginning the 
difficult art of experiment and obfervation, fo 
can they be properly appreciated by one weil ac- 
cuftomed to microfcopes, and who has made 
the hiftory of thefe infinitely minute beings his 
long and particular ftudy. 

-Notwithitanding the lower orders of animal- 
cula are incomparably fmaller than the others, 
they are not fo very minute as not to differ in fi- 
gure and fize. But I fhall not tire the reader 
with defcriptions. 

I would willingly have enced the heat by 
continuing the immerfion longer in boiling wa- 
ter, but the nature of the glafs prevented it; for, 
after being a few minutes immerfed, all the vef- 

{els burft in pieces, and of a fufficient number 
for my experiments I am {ure two-thirds were 
loft. Therefore it became neceflary to procure 
glafs that would {uftain' heat better; which was 
effected by putting only a fmall quantity of wa- 
ter in the veflels with infufions. . Omitting this 
precaution, I was certain to fee them fly in 
pieces. It is needlefs to defcend to minute de- 
tails; the refult of experiment proved, that boil- 


ing 
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ing half an hour did not prevent the origin of 
the lower animalcula. Boiling three quarters, 
or a little lefs; rendered the whole infufions 
fterile. 

We know the heat of boiling water is about 
212°. The infufions had evidently acquired 
this degree at leaft, from their ebullition, while 
the furrounding water boiled. I fay at leaft, for 
philofophers know, that water boiled in a clofe 
veffel acquires more heat than boiled in an open 
one. , . 

The firft problem being folved, which was to 
afcertain how much longer than two minutes in- 
fufions muft boil to obftru@ the production of 
the lower animalcula. The fecond, which was the | 
inverfe of the firft, remained for folution, how 
much within half a minute, boiling would admit 
the origin-of the higher clafs. A fecond watch. 
was ufed; and the vefiels were immerfed a cer- 
tain number of feconds, beginning with twenty- 
nine. Ina word, boiling fora fingle fecond pre- 
vented the appearance of the higher clafs. Thus 
I had to take:a lefs degree of heat, as 200°, 
207%, 205°, 203°, until arriving at that which 
did not obftruct their exiftence. To be abfolute- 
ly fure the heat had time to penetrate the 
infufions, the water was gradually warmed, 
till attaming the requifite degree, which was in- 
dicated by a fmall thermometer alfo immerfed. 

B 2 But 
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But to recede by fuch {mall differences would: 
have been extremely tedious. and troublefome ; 
and receding by ereat intervals, as for example, 
from 212° to 167°, 122°, might produce inaccus 
racy, and admit that sal abate had appeared, 
not only at that degree, but at one much infe- 
-ytor, therefore I thought of adopting a mean 
temperature, which would both diminifh the la- 
bour, and liberate me from the imputation of an 
unexact obferver.. ‘The reduction prenee by: 
11°,,delcending from 200° to 189°, 178°, 167%, 
satis J had four clafles- of experiments corref- 
ponding with the numbers 200, 189, 178, 167- 
Each clafs had nine infufions of the feeds before 
named, which made thirty-fix veffels, whofe 
feals were broken, when the time neceflary for 
producing animalcula had elapfed: but not a 
fingle animalcule was in any one of the thirty-fix 
veflels. Whence I concluded, that none of the 
higher clafles could appear at 167°,. which is 45° 
lefs than the heat of boiling water. Continuing: 
to defcend by 11° from 156°, I came to 111° ; 
-whence I had five clafles of infufions, and. forty 
five veflels. 

My furprife has already been expreffed at fee- 
ing fuch abundance of animalcula of every def: 
- eription, in fubftances openly infufed, after ex- 
“pofure to the violent fiame of the blow-pipe » 
“but it gave me no lefs aftonifament not to find 


a fingle 
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a fingle one of the higher clafs in infufions. her- 
metically fealed, though they had fuffered only 
the moderate heat of 111°. 

This was done in the middle of July ; and the 
thermometer in the fhade ftood at 88°. Kighteen 
veflels were put to the teft: nine fuffered 99° 
and nine 88°: No animalcula of the higher 
clafs were produced at 99° ; but the whole nine 
infufions produced them at 8°, Animalcula, the 
fame in number and fpecies, were in each veilel, 
as in the clofe infufions not fubjeted to heat. 
From this fact, it was eafily difcovered, that che 
degree of heat fatal to thefe animals was between 
99° and 88° ; and I found it to be g5° : at 93°, 
afew of the higher clafs appeared ; at:95°, only 
thofe of the lower. 

The method of operting the infufiens has been 
defcribed towards the beginning of this chapter. 
When clofe infufions were made, I alfo. formed 
open ones: and both bei ing put in the fame 
place, to have an equal temperature, when the 
open infufions abounded with all forts of animal- 
‘cula, 1 examined the clofe. Such a plan always 
feemed the beft; neverthelefs, if difappointed of 
feeing animalcula, I changed it oftener than 
once: fometimes the veflels were opened fooner, 
fometimes later ; and though frequently. delayed 
very long, the faét was uniform. Ia fhort, I re- 
main under the moft abfolute conviction, that 

B4 the 
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the non-exiftence of thefe animalcula does not. 
depend on the duration of time, but entirely on 
the aétion of the heat to which infufions have 
been expofed. | 

Before terminating the experiments before us, 
and making the reflections which they merit, let 
a word be faid, in pafling, of the death of ani- 
malcula, after fpeaking fo largely of their birth. 
We have feen the lower clafs originate, in clofe 
--weffels, at 212°; while the higher fearcely can | 
at 93°. It would therefore appear, that, on ex-: 
pofing both to heat, the lower clafs fhould refit 
it much better than the higher: however, the 
fame degree that is fatal to the one, is fatal to 
the.other; and both conftantly die at 106°, or,.- 
at moft, 108°. 

Tswo important confequences flow from thefe 
experiments: Firit, The efiicacy of heat in ren- 
dering clofe infafions barren’ of an infinity of 
animated beings. In open infufions, are an in-: 
credible number and variety ; while in.the clofe,. 
fubjected to the ation of fire, one feeks in vain. 
for an animal which he can call even the fmall- 
eft in fize. We cannot affirm, that fimple inclu- 
fion occafions fuch devaftation, fince, in other. 
cafes, it only diminifhes the number : therefore, 
we mutt conclude, that heat truly does it. But’ 
how can it operate? Can we think it is by: 
rendering infufed fub{tances unfit for producing 

animalcula. 2° 


i ANIMALCULA OF INFUSIONS. 2 


animalcula? The infufliciency of fuch a fuppo- 
fition has already been feen. Neither ean heat 
impair the elafticity of the internal air : becaufe,: 
from the precautions taken, there was not the 
leaft difference between the ftate of the internal 
air and the external; and attending to what hap- 
pened on opening the veflels, fo far from that 
within being lefs elaftic, it is even more fo than’ 
the other. It is impoffible: to conceive the en- 
creafed elafticity is prejudicial to the origin of 
our animalcula, as 1 have feen them where the 
air was condenfed twice or three times more than 
its natural ftate. The conclufion will-then fub- 
fit, that when the higher clafs does not appear, 
it is becaufe heat has vitiated or injured the pro- 
ductive principle. The force of this conclufion: 
will afterwards be better comprehended... The 
fecond confequence is the inverfe of the firft, 
and refpeéts the conftancy or rather certainty of 
animalcula appearing in boiled clofe infufions. 
And this refult is no more favourable to the rea- 
fon afligned for none originating in infufions 
boiled an hour, becaufe too great heat had def- 
troyed the vegetative power, or impaired the 
elafticity of the air; nor with the time I ought 
to expofe infufions to heat, and {till fee animal- 
cula,-which has been preferibed to be as much as 
will deftroy the eggs of the filk-worm-moth, that 
is, 135°, or 138°, or 140°, the fame as we fhall 
feon 
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foon fee that renders their eggs unfit for exclu: 
fion. , But I have not only found the loweft ani- 
malcula at that degree, but at 212° continued 
folly half an hour. 

Thefe are the faéts I have deemed it neceflary 
‘to collect for eftimating the weight of the two 
objections to my experiment: and we readily fee 
how difcordant they are. If; in the heat experi- 
ment mentioned in my Differtation, I found nd 
motive inducing me to admit an imagined vepe- 
tative power, | have now the ftrongeft reafons 
for rejeCting it as inconfiftent and chimerical. 
And as 1 could not then conceal my propenfity 
‘to believe, that infufion animalcula originated 
from germs, neither do I hefitate here to fay, 
propenfity has become perfect conviction(1). Hf 
the animalcula, in clofe veflels fubjected to heat, 
do not originate from the vegetative power, I do 

not 


(1) In the courfe of this work there are many allufiohs 
‘to germs. ‘The great difpute concerning the generation 
of animated beings feems to refolve into the queftion, 
Whether there is a preorganized principle continually in- 
volved in another preorganized principle, and fo on, by 
fucceflive involutions, from: all eternity, and this, by the 
“concurrence of peculiar circumftances, expanding into the 
“complete animal; or if it is mote probable, that by the 
intercourfe of the fexes, or otherwife, fome change .or 
creation is effected, which gives birth to a new animal or 
a wanting part: Both hypothefis are attended with infinite 
difficulty, —T. 
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not fee how. we can afcribe their origin to any 
thing but eggs, feeds, or preorganized corpufcu- 
Ja, which we underftand and diftinguifh by the 
generic name of germs. ‘That fuch is the real — 
erigin of animalcula will be directly proved, in 
the courfe of this ‘Tract, by incontrovertible facts. 
An objection, it is true, here prefents itfelf, 
which impartiality will not permit me to conceal. 
Speaking of germs that develope into the loweft 
order of animalcula, we muft admit, that thefe 
germs have refifted the heat of boiling water, 
and that for three quarters of an hour; for it 
cannot be fuppofed they have pafied from the air 
and infinuated themfelves through the pores of 
elafs, after cooling of the veffels. Such fuppo- 
fitions, if not impoflible, are certainly very diffi- 
eult to be comprehended. However this fhould 
rather be called a doubt or difficulty than a real 
objection; fince, when well weighed, it may be 
‘reduced to the confideration, whether we can 
conceive germs of animals in nature, whofe ex- 
- treme fubtility permits their paflage through glafs, 
or whofe conftitution allows them to withftand 
the heat of boiling water. As to the firft hypo- 
thefis, though Ido not find it abfolutely repue- 
nant, becaufe we know there are ‘animals fo very 
minute that their exiftence never. would. have 
been credited but for the microfcope, I cannot 
admit it for the following reafons. In the firft 

place, 
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place, becaufe the fize of germs is proportioned 
to the fize of animalcula; as I have feen in more 
-than one f{pecies ; and, on the other hand, the 
lower animalcula; confidered in themfelves, be- 
mg of fome fenfible fize, fo fhould their germs be 
of fome fenfible fize, fuch, at leaft, as prevents 
them from penetrating glafs; particularly when 
we know, that other corpufcula apparently more 
minute, as the particles of air and water, of the 
moft acute and penetrating odour, cannot do 
it (1). In the fecond place, thefe animalcula are 
produced not only in glafs, but even in metal 
veffels fealed with metal, immerfed above half an 
hour in boiling water, as I have twice had occa- 
fion to experience, notwith{tanding the greater 
narrownefs of the pores, or more irregular and 
tortuous pofition, made it impoffible to conceive 
the germs would penetrate the fides of the metal. 
Finally, Was the hypothefis true, animalcula of 
the lower clafs fhould originate equally well, 
whatever is the duration of boiling ; for, in both 
cafes, the paflage of the germs through the fides 
of the veflel fhould be equally fuccefsful. On 
the contrary, not one appears after boiling three 

quarters of an hour, » 
Thus we are led to afcribe their origin to in- 
eluded germs, which for a limited time can refift 
the 


(1) Academ. del Cimy 
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the influence of heat, but at length yield under 
it. As the higher clafs does not originate unlefs 
ata much more moderate degree of heat, there 
is a neceflary imference, that the germs of this 
clafs are much fooner affeCted than thofe of the 
lower ; whence we muft conclude, that the amaz- 
ing multitude of animalcula in the infufions of 
open veflels expofed to boiling heat, and the in- 
tenfe flame of the blow pipe, do not appear be- 
caufe their germs have refifted fo great a degree 
of heat, but becaufe other germs have come to 
the infufions after ceflation of the heat. 

- But is there any proof, or any forcible argu- 
ment, to remove or leflen our natural repugnance 
to fuppofe that germs of the lower animalcula 
can refift the heat of boiling water? To fpeak 
of the germs or eggs of animals known to us, are 
there none of this nature? Undoubtedly, as far 
as our knowledge extends, we are unacquainted 
with any of that defcription. Something has 
been faid on the fubject in the ninth chapter of my 
Differtation, demonitrating how the eggs of va- 
rious infects, as well as thofe of birds, perifh at a 
degree of heat confiderably lefs than that of boil- 
ing water. It is further fhown, that this heat in- 
jures the feeds of plants, even thofe with the 
hardeft fhell. A greater number of feeds and eggs, 
indeed, might have been fubjected to experiment : 
and fome may be found capable of {tanding the 


trial, 
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 frial. ‘With regard to feeds, hope fhould not be 
abandoned from reading in Duhamel, that he 
fucceeded in the germination of wheat which had 
fuffered 234° in a ftove ; and it is very probable 
this feed is not unique. So many analogies ex- 
iting between feeds and eggs, I indulged the 
hope of finding fomething fimilar in the lat- 
ter. Thefe facts were fufficient inducements to 
make new experiments on feeds and eggs, to 
which I was additionally incited by the moft fin- 
gular phenomenon of the loweft animalcula ori- 
ginating in boiled infufions: and, in cafe eggs 
and feeds fhould not withftand the heat of boil- 
jing water, it would {till be ufeful to afcertain 
what they could fupport, by pafling through va- 
rious degrees to that which was fatal to them. 
But there was one particular inquiry not to be 
omitted, namely, whether animals and plants 
were more eafily deftroyed than their eggs and 
feeds, and in what proportion, the fame as ani- 
malcula of the lowelft clafs can fupport heat lefs 
than their germs. As all fuch inveftigations 
would greatly elucidate the prefent refearches, I 
endeavoured to realize them by experiments, 
which will afford matter forthe fubfequent chap- 
fer. 


, CHAP» 


1, ANIMALCULA OF INFUSIONS. gt 


/ CHAP: Tit. 


EGGS AND ANIMALS, SEEDS AND PLANTS, EXPOSE 
TO DIFFERENT DEGREES OF HEAT. 


Iw the month of May, I fithed up the eggs of 
frogs, which had a few hours before been depo- 
fited in the water of ditches. ‘The quantity was 
divided into equal portions, and each expofed to 
_ a different intenfity of heat, in this manner. The 
eges were completely immerifcd in water, where 
Thad put the ball of a thermometer. The veffel 
was then placed on a flow fire; and, when the 
thermometer had attained the requifite height, 
the egos were taken out, and each portion put in 
a veflel of cold water. I had ten veflels, becaufe 
there were ten portions of eggs that had experi- 
enced different degrees of heat, as 111°, 122°, 
tae WS 5 EOF. a Ae 5) LOG. 5 ZOO» 
212° 
The eggs that fuffered 11 1°, 122°,.123°, pro- 
duced young, but with fome difference. Alinoft all 
~thofe at 111° were fertile; fewer produced at 
122°,and the number extremely {mall at 133°. The 
whole that were expofed to greater heat became 
corrupted, 
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corrupted. The heat neither accelerated nor re- 
tarded the exclufion of the eggs, for tadpoles were 
hatched in the fame time as in thofe not expofed, 
which had been referved for the purpofe of com- 
parifon. 

Having afcertained the heat which the eggs er 
frogs could fuffer without injury to the tadpoles, 
I had to examine what heat the tadpoles produc- 
ed by them could bear; however, they were 
unable to refift as much, for all died at 111°. 

Thefe experiments were repeated on adult 
frogs. Although I had feveral fpecies, I prefer- 
red thofe that had produced the eggs. ‘They in- . 
habited the ditches of plains, were rather fmall 
in fize, and greenifh on the back. Being put on 
the fire, they had all liberty in the water; they 
could fwim at pleafure, and come to the furface 
to refpire: but a covering prevented them from 
efcaping. The whole perifhed at nearly about 111°. 

I know there are frogs that live in warm fprings, 
though the heat is greater than 111°. Thus, the 
illuftrious Cocchi relates, they are not injured in 
the warm baths of Pifa, where it is 111° by Fah- 
renheit, which correfponds with 37° of Reaumur’s 
thermometer (1). But we muft either fay they 
are of a different fpecies, or, being long accuf- 

tomed 


(1) There feems to be fome-error here: 37° of Reau~ 
mur’s thermometer correfponds with 1152 of Fahrenheit. 
Tl. 
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tomed to that degree, fuffer no injury, though at 
firft it would have been fatal to them. And we 
know,.that men who can hardly endure the va- 
pour bath fix minutes, and are covered with 
profufe perfpiration, can, in procefs of time, re- 
main fifteen minutes without any fenfible incon- 
venience (1), 


(1) Both maa and animals can‘bear an incredible de- 
gree of heat without perifhing, and even without any 
fenfible injury. Not that the living body will become 
heated to ahigh degree; it always preferves a tempera- 
ture near what it fhould have in a natural ftate. Ina 
memoir on this fubject, it is faid that a girl fupported 
284°, in an oven without imconvenience. Thofe ferving 
the oven bore 257° a quarter of an hour, and perhaps 
could have endured 212° half an hour. Tizzer Jur les 
chaleurs auquels les hommes font capables de refifterg Mem. 
del Acad. Roy. 1764. Several perfons bore a room heat- 
ed to 198°. 210%, 2119. The fame perfons.could juft bear 
cooling fpirits at 130°, cooling oil at 129°, and cooling 
quickfilver at 117°. They could not fuffer the heat of 
water at 125°; Philofophical Tranfactions, 1775, p. 117, | 
120.’ Different perfons at Liverpool bore the heat of an 
apartment at 224°; and Sir Charles Blagden bore one 
at. 260°. Philo. Tranfac. 

A. dog has been in the heat of 235° without inconve- 
nience; and a fpecies of tenia has been found alive in 
a boiled carp. 

“In Ruffia, the vapour bath is faid by Storck to be 
generally 133°. according to D’Auteroche 167°: and 
Acerbi obfervés, that. thofe in l'inland are from 158° to 
167° --- 1. 
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I could have wifhed, when my experiments 
were made on other animals, to have alfo made 
them on their eggs; but it was not always ‘as 
convenient for me to procure the latter. Thus 
when, at one time, I had abundance of larvee 
of mufkitoes, water fleas (1), rat-tail worms (2), 
and other aquatic infects, 1 never could fucceed 
in finding the eggs whence they originated, 
However, it did not appear that my labour would 

‘be loft in making experiments on the animals. 
The nymphs and larvae of mufkitoes (3) died at 
111°; rat-tail worms and water fleas, at 106°; 

_ water newts and leeches died at 111°; the eels 

of vinegar, at 113°. 

In my experiments on filk-worms, the caterpil- 
lars of elm butterflies, and the worms of the 
large flefh fly, I was more fuccefsful, as I had 
both the animals and theireggs. Until 93°, filk- 
worms did not appear affected ; at 95°, and par- 

| ticularly 


(1) No name is more incorreétly applied in general 
than water flea; almoft every {mall aquatic animal, even 
fquille and gyrini, have been fo defigned. It is moft likely 
the author means the monoculi of Linneus. There is a 
complete fytematic hiitory of thefe, and many other mi- 
pute aquatic animals, by Muller, Extomoftraca Jeu Infecta’ 
Teflacea, 1785, 4t0.—T. 

(2) Reaumur fo denominates certain white worms from _ 
the refemblance of their tail to a rat’s, 

(3) It is uncertain whether the author may not mean 
tipulae.—T, 
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- ularly at 97°, they became reftlefs ; at 99°, they 
ceafed to move; and at 108%, all had perifhed. 
The eggs producing thefe animals long refifted 
the influence of heat : at 88°, they produced the 
greateft poflible number of worms; at 99°, 
many, but fewer than before; and the number 
always diminifhed as the heat encreafed : at 144°, 
not one was fertile. The eggs and caterpillars 
of the elm butterfly perfeCly correfponded with 
the filk-worms.. lt would be fuperfluous to fay 
more of them ; and I pafs to my experiments on 
the large fly. 

The fpecies was that which depofits the eggs 
on flefh either putrid or tending to putrefy. 
Until 124°, a great many produced worms ; at 
135° and 138°, very few; and all were fterile 
at.140°. The larvae of thefe eggs, at 88°, began 
to be reftlefs, and endeavoured to efcape: their 
agitation encreafed at the fubfequent degrees ; 
and at 108° all had perifhed. Full grown 
worms of the fame kind died at 108° alfo; 
Changed to nymphs and flies: the latter bore 
the heat worft of all; 99° degrees killed them. 
Flies came from nymphs at 104° and 106° ; but 
none at 111°: having opened them, I found the 
heat had entirely dried them up. 

And this much being faid with refpeé to ani- 
mals, and their eggs, expofed to different inten- 

C 2 fities 
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fities of heat ; let us next narrate what happened 
to plants, and their feeds, in a fimilar fituation. | 
The feeds I ufed were grey peafe, lentils, 
wheat, lintfeed, and trefoil: each, as ufual, was 
expofed to a different degree, 167°, 178°, 189°, 
201°, 2122, and then fown in a fmall diftiné 
{pace of earth, fo prepared that each fpace might 
contain an equal number of feeds. i 
Their germination was not injured by 167°; 
178° began to be prejudicial; very few fucceed- 
ed: at 189°, there were no more than eleven 
plants of trefoil, and only ten at 201°: of thofe 
expofed to 212°, only three germinated. Thus 
none of the feeds but trefoil could fuftain the 
heat of boiling water. : 
The five feeds had been fubjected to heat by 
means of a fand-bed. In a fecond experiment, 
they were kept in water that was gradually heat, 
ed, till as hot as required, in the fame manner 
as before with feeds and eggs. Heat operated 
more powerfully on them here: at 167°, peafe 
and trefoil germinated plentifully ; but very little 
lintfeed, lentils, or wheat: at 189°, were only 
feven {talks of trefoil; and at 212° none, | 
My curiofity being fatisfied with regard to 
feeds, 1 had ftill to fatisfy it concerning the plants 
{prung from them, Growing plants, thirteen days 
aid, were fubjected to 167°, 178°, 189°, 2019, 
212°, dipping the roots in water gradually warm- 
uae ed, 
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ed. Though immediately replanted in moiftened 
earth, all died. As 1672 was too powerful for 
thefe young plants, the heat was reduced to 156° 
and 144°; and this was not prejudicial to them, 
for the whole grew when replanted. 

I had already fubjected feeds to the influence 
of heat; but did not then think of doing the 
fame to their plants. The feeds were beans, 
barley; white and black kidney beans, maize, 
' vetches, parfley, fpinage, turnips, beets, radifhes; 
and mallows. ‘They were heated to 167°; in 
fand, after the manner above defcribed ; and all 
germinated. At 178°; fome began to perifh; at 
189° and 201°, very few fucceeded; and at 
212°; only one plant of kidney beans. ‘The ex- 
periment was repeated at 201% and 212°, on 
. all the feeds, but not one germinated. 

My firft experiment having proved, that trefoil 
had refifted heat better than the ref{t, it occurred 
to me, that; it being the fmalleft feed, the fize 
might perhaps concur towards the caufe. Whe- 
ther more heat could be fuftained as the feeds 
diminifhed, could have been afcertained by infti- 
tuting a feries of experiments on a given number 
of vegetable feeds gradually decreafing in fize. 
But beans, and kidney beans, which are incom- 
parably larger than trefoil feeds, had fupported. 
heat as well: and this induced me to abandon 
the idea, and fpare myfelf ufelefs trouble. 

C 3 Ig 
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It may be proper here to recur to the feeds 
compofing feveral infufions, mentioned before, 
expoled to the heat of boiling water in veffels. 
hermetically fealed. Two minutes immerfion 
admitted of full germination, but it ceafed if the 
heat continued longer: and the like happened in 
open veflels, only, thefe could fearcely bear two 
minutes, and the’ others could bear a little more. 

At firft fight, the experiments before us feem 
difcordant with the former, imdicating the vege- 
tative faculty is loft when feeds in water are ex- 
pofed to 212°, or the heat of boiling water. By 
attending to the different modes of conducting 
the experiments, all inconfiftency difappears. In 
the former feries, the water was heated till begin- 
ning to boil; here, on the contrary, that im 
which either the fealed or open veflels were im- - 
merfed two mimutes, did not give the leait fign 
of ebullition, and the included water would have 
required at leaft four or five minutes longer for 
it; that the feeds vegetated is not furprifing, 
while thofe named before did not, finee the 
one fuffered more heat than the other. 

Such have been my experiments on animals and 
their eggs, and on feeds and their plants ; which, 
although not very numerous, feem to bring cer- 
tain laws of nature in view, whence we derive 
fome elucidation of this fubject. We colleé, in 
the firft place, that the eggs of the animals ex- 
w | amined 
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amined were more able to withftand heat than the 
animals themfelves. Tadpoles and frogs died at 
111°, while their eggs became fterile at 133°; and 
fome even not fo foon. Silk worms and the 
caterpillars of the elm butterfly died at 108°; 
their eggs did not produce at 133°. Large flefh « 
flies perifhed at 99°, their nymphs at 111°, their 
larvee at 105°, and eggs at 140°. Secondly, 
There is much the fame relation between plants 
and feeds as between animals and eggs. Some, 
as trefoil, beans, and kidney beans, are fertile, _ 
after having been expofed to 212°, or the heat — 
of boiling water, while their plants cannot fup- 
port 167°. Thirdly, The feeds of plants are more 
adapted for refifting the violence of heat than the 
eggs of animals. All the feeds thy experiments — 
were made on by dry heating germinated, though 
they had fuffered 167°, and fome 212°, but no egg 
was hatched after 144°. Laftly, It is to be re- 
marked, that heat is more noxious when adtine 
along with water. None of the feeds in water at 
212° afterwards germinated. 

I am very far from pretending to give reafons 
for all thefe refults. I feel the difficulty of the 
enterprife, and at moft fhall only hazard fome con- 
jectural explanations, allowing whatever weight 
they merit, and permitting every one to think as _ 
he judges beft. It may not be difficult, if we take 
the firft appearance only, to comprehend why 

C4 } plants 
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plants and animals do not fuftain heat fo well as- 
feeds and eggs 5. and it would feem, becaufe they 
receive the immediate impreffions, which is not 
fo when included in the feed or egg. - But was 
the difference only a few degrees, which the ani- 
mal could fuftain in the egg and out of it, and 
the fame will apply to plants, this reafon might 
be good, however, when that difference reaches 
22°, nay 31° and more, who does not perceive 
the infufficiency of it ? Befides, we fhould necefla- 
rily have to admit, that the integuments of eggs, 
which in many infects are but as points in mat- 
ter, would be able to protect them againft 22 or 
31 additional degrees'of heat, which is very im- 
probable, when we confider its extreme facility 
and activity im penetrating fubftances fo per- 
vious. Neither do I think the minutenefs of 
the germ in the egg a fatisfactory reafon why it 
fhould be lef fenfible of the impreflions of heat 5. 
for, however {mall it may be, the particles. of heat 
are incomparably fmaller, and they will. there- 
fore inveft and penetrate it on all fides, the fame 
as they inveft-and penetrate it when developed.. 
A complete refutation of this imaginary reafoning 
isin the ninth chaper of my Diflertation.. 
Before we are able to conceive why an animal 
in the egg: is. not fo eafily deftroyed by heat as | 
after it is produced, we muf{t take an:accurate 
view of what conftitutes life in both thefe fitua- 
| tions.. 
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tions. But, if the life of animals in exiftence is 
fo little known, notwithftanding all the efforts of 
modern phyfiology, much more obfcure muft be 
the life of an animal-concealed or concentrated 
inanegg. Certainly we may conclude, that the 
life of an animal in the egg is moft feeble com: 
pared with that of the’ animal produced. Dur- 
ing the firft hours of incubation, the animation 
of the chicken is indicated only by the beating 
of the heart. Life before this is {till more feeble: 
it is a leffer hfe, doubtlefs fuch as that in the 
germs of infects eggs previous: to their having 
experienced the degree of heat neceflary for ex- 
clufion. Can this moft faint and feeble anima- 
tion be any reafon why it may endure more heat 
than after it is developed? Certain it is, that 
animals, when in a ftate of very feeble life, which 
hardly merits the name-of animation, do refift 
external injuries with much greater impunity than 
when moft vivacious (1). Thus, if we cut off 
the 
(1) This certainly depends very much on the nature’ 
of the injury to which the germ or animal is expofed, for 
the imperceptible agency of particular fubftances, whofe 
nature we are little acquainted with, are noxious. Thug 
Michelotti inclofed a number of eggsin glafs -veflels, fome 
of which admitted the rays of light, and others excluded 
them. Few or none in the former were hatched; whence, 
from a feries of experiments, he concludes that light is 
prejudicial to the developement of all the germs of ani» 
tials, and the fame with refpect to vegetable germs.—T, 
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the head of a frog, toad, lizard, {nake, or viper, 
or take out the heart, or deprive them of fome 
member during winter, while torpid with the 
cold, and apparently more dead than alive, they 
furvive the operation much longer than if they 
undergo it in fummer, when in the vigour of life. 
I have often admired this fact; and that infects 
immerfed in water in winter live longer than if 
immerfed in fummer. 

There is no doubt that the life of plants is 
weaker while included in feeds than after they 
are produced ; and why may not this leffer life, 
as with the germ of an animal in the egg, render 
them lefs fenfible of the impreffion of heat? In 
winter, when plants are furely lefs alive than in 
other feafons, are they not lefs liable to perifh on 
being rooted up, wounded or mutilated, than on 
doing this during fummer ? 

I fhould not fuppofe that the reafon why eggs 
are more unfit for fupporting heat than feeds is 
from the greater foftnefs of the former, becaufe 
there are feeds not nearly fo hard as the fhell-of 
an egg, and ftill capable of fupporting the heat 
of boiling water, as trefoil feeds, but from fluids 
being more abundant in the egg, by means of 
which heat has more influence in deftroying the 
werm. Experiment renders it undoubted, that 
the fluids of eggs, and confequently of their 
germs, are more abundant than in vegetablefeeds. 

| That 


I. ANIMALCULA OF INFUSIONS. 43 


That this excefs of fluid contributes to deftroy 
the germ more readily, appears to happen from 
the heat expanding the fluids, and putting them 
in motion; thus they muft violently {trike againft 
the very fubtile filaments of the germs, and occa- 
fion their rupture and deftruGiion. This we have 
actually witnefled in the feeds that become fterile 


with lefs heat in water than if dry. For a fimilar 


reafon does a piece of ice melt fooner in warm 
water than in air of equal temperature. 

But let us leave thefe intricate refearches,, 
which are in fome meafure foreign to our in- 
quiries, and compare the refults concerning feeds 
and eggs with thofe concerning infufion animal- 
cula. If we mean to aflume a ftandard of the 
heat which the germs of the loweft clafs of ani- 
malcula can fupport, from that which eggs with- 
{tand, we cannot be divefted of a natural repug- 
nance to fuppofe them capable of enduring boil- 
ing water, when eggs are incapable of doing near 
fo much. If, inftead of comparing the germs 
with eggs, we compare them with vegetable feeds, 
our repugnance is wonderfully diminifhed ; for, 
befides Duhamel’s wheat, we have feen other 
feeds, as trefoil, beans, and kidney beans, refift 
heat as great. However, in purfuing this analo- 
gy, we incline more to compare them with the 
germs of eggs than feeds. At the fame time, 
there are eggs that may moft properly be com- 

pared 
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pared to feeds, fince, like them, after becoming 
dry, and rémaining long in that ftate, they are 
excluded on application’ of moifture. Such are 
thofe of certain pennated polypi, difcovered by 
M. ‘Trembley(1). Why may not the germs of 
the loweft clafs of animalcula be of this kind? 
The poflibility becomes probability, and this ad- 
vances a ftep full farther, by our finding that the 
germs or ovula of fimilar races of infufion ank 
malcula, pofleis the qualities nearly of vegetable 
feeds and the Trembleyan polypi. 

If the example of vegetable feeds refitting boil. 
ing heat would induce us to believe that the 
germs of our animalcula might do the fame, the - 
fappofition is fingularly {trengthened by other 
arguments, the moft immediate and direQ, dee . 
duced from the animals and eggs themfelves, 
Duhamel obferved, that a beetle, which feeds on 
grain, did not die at the heat of boiling water ;» 
and Schaeffer found one {pecies of caterpillar that 
fupported as much. The affertion of fuch ce- 
lebrated naturalifts deferves all credit, 

If from animals inhabiting climates. fo temper 
ate as ours, we pafs to the confideration of thofe 
that live in the warmeit regions; and confiding 
in the moft credible hiftories, they certainly 
multiply, and are moft numerous, notwithftand- 
ing the exceflive heat. Apamea and the Cape 

, of 

(r) Bonnet, Corps Organifes, Tom. 2. 
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of ines Hope abound with animals of eyery fize 
and figure, though the thermometer, in the fhade, 
rifes to 111° (1). Equally abundant is Carolina, 
where it alfo rifes in the fhade to 122°, and high- 
er. It has been demonttrated, that the dire& 
heat of the fun is twice that of the fhade, and. 
fometimes thrice i in the hotteft countries, there- 
fore this heat in Apamea and the Cape of Good 
Hope fhould be at leaft 189°, and in Carolina 
will exceed 212° (2). If animals live at fuch heat 

as 


(1) Haller, Phyfiolog. T.2. It is not clear what 
country the author means by Apamea; feveral regions 
have that name.—T.. 


(2) Affuredly this is an error; for it is very much tq 
be doubted, nay, I incline to deny altogether, that in any 
part of the globe the heat of the folar rays is nearly double 
that of the fhade. By the few experiments made in hot 
countries, the difference is not many degrees. In Scot 
“land, I have feen a thermometer, in an ordinary fitua- 
tion, expofed to the fun, rife to twice the heat of the 
fhade. But that was from reflection, and the heat that 
the furrounding fubftances had acquired, It has afcend- 
ed to 118° or 120°, which was from the fame caufe, as 
experiments demonttrated. . 

The author is not the only perfon who fuppofes the di- 
rect heat of the fun is twice that of the fhade. Haller, an 
illuftrious phyfiologift, and other naturalifts, think it may 
even be more. At Montpellier, he fays, it has been fo 
great as to roaft an egg, Phy/iologia, tom. II, p. 32. which 
would be between 150° and 160° at leatt. 


AS 
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as in Carolina, will furpafs that of boiling water, 
_ and their eggs fuffer no injury ; and if there are 
animals 


_ At Benares, when the thermometer in the fhade ftood at 
100%, it rofe only to 110° in the fun. When it ftood in the 
fun-fhine at 11 3° and 118°, expofed to a hot wefterly wind, 
it was 104° and 110° in the fhade, Philofaphical Tranfattions, 
1793.—In Caffraria, when the heat was 102° in the fhade, 
it was 106° in the fun, Barrow’s Travels in Africa.—At 
Goree, in the fhade, it was 86°, in the fun g9®, Memsire, - 
Fournal de Phyfique, 1788, p. 224. Annales de Chimie— 
At Gondar, in Abyflinia, the thermometer rofe from 81° 
or 82°, in the fhade, to 113° in the fun; itis not impro- 
bable from fome difturbing caufe, Bruce’s Travels.—But 
the moft furprifing accounts of folar heat are that in Parig 
1793, while the thermometer in the fhade was 94°, it ftood 
at 144° in the fun, Aznales de Chimie, tom. 18.—At Mont- . 
pellier, in the year 1705, in the fhade it was about 160°; 
expofed to the rays of the fun twenty-cight minutes, it 
rofe to 212°, the heat of boiling water, Memnwires de I’ A- 
cademie Royale, 1706, p. 12. 13.—I cannot avoid fufpect-. 
ing that the conclufions from both thefe inftances have 
been erroneous; that the heat has, in the former cafe, been 
owing to fome furrounding objects, or the reflection of a 
neighbouring wall, and in the latter cafe that the inftru- 
ment has been imperfect. Thermometers it has been 
thought were then open at the top; but it was certainly | 
otherwife in general. However in each of thefe cafes, 
the heat might be very great. There is much reafon to 
believe, that, except the obfervations made at fea, moft of 
all we have are erroneous. 

The heat of many climates would be to us almoft intoler- 

- able. The greateft cuftom can hardly reconcile the inhabi- 
tants of northern regions to the burning heat of the fouth- 
ern, 
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animals in our temperate climates that can alfo 
fuftain it, what difficulty is there in admitting, 
that 


ern. Ina warm country, the negroes could not fleep for 
cold when the thermometer was, at 68°. Park’s Travels.— 
The heat in Cayenne is from 70° to 93°, Prelong, Memeire. 
In the town of Batavia in Javag while the laft Chinefe em- 
baffy was there, between 88° and 92°, Macartuey’s Embaffyy 
v. 1. p. 251.—During Peroufe’s voyage, the thermometers, 
when higheft, ftood at 95°, Voyages.—They were in the 
fhips ; and it is to be remarked that cold is greater at 
fea) The greateft heat in Japan, while Thunberg was 
there, was 98°, Travels.—In one excurfion in the Cape of 
Good Hope, it was 100°, Sparman’s Voyages.—At Aleppo, 
101°, Rufel’s Natural Hiffory of Aleppo.—-At Fort George, 
on the coaft of Coromandel, the thermometer ftood at 
104°, Philofophical Tranfactions, 1780. It was equally 
high in Paris 1720 and 1793, Kirwan on the Temperature 
of different latitudes, p- 75. Annales de Chimie, Tom. 18, Yn 
Goree, the heat was from 104° to 106°, Prelong, Memzire. 
—In the interior of the Cape of Good Hope, 108°, Bar- 
rows Travels—-At Pekin, 1773, from 108° to 110°, 
Kirwan, p. 935 from Mem. de Scavan. Etrang.—~At 
Pondicherry, 1769, the heat was from 111° to 117°, 
Gentil Voyage dans les mers de L’ Inde, tom. 1. p. 499+ 495-5054 
Browne one day faw the thermometer at 116°, Travels in 
Egypt and Syria. Bruce faw it ftand at 114° in Sennaar, 
and 119° at Chendi. M. Monneron told Prelong, that 
at Maufulipatam, he had feen the thermometer at 118%, 
in the fhade: and an officer affured him, that he had feen 
jt rife to 131° at Podor. During a voyage there, the ther-_ 
mometer, in the cabin of a veflel, ftood at 133°, ddanfon 
Hifeire Naturelle du Senegal, p. 81. And this is the greats 
eft 
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' that the germs of animalcula of a fimilar con- 
ftitution may exift. In confirmation of all this, 
I may 


eft degree of heat in the fhade that I have yet met with 
well authenticated. 

Although the dire&t rays of the fun are not fo powerful 
as the author fuppofes, the heat which various fubftances, 
from their peculiar nature, receive from them, is great- 
er than can eafily be imagined : and there may actually 
-be countries where the heat of certain fpots does equal 
that of boiling water. .Weread of the fand fo hot that 
the feet can hardly be borne upon it. In Senegal, it was 
168°; and Adanfon fuppofes, that the thermometer might 
have rofe higher had the tube admitted; and eggs har- 
dened in it, Ai/?. Natur. p. 131. At Marfeilles, it is faid, 
Dr Raymond found the earth heated to 170°, Kirwan on 
different Temperatures, from Mem. dela Societ. Med. de Paris, 
1778. But it depends entirely on the fubftance what heat 
at will receive. The fand of Goree, which confifts of bro- 
ken fhells, was heated only to 113°, Prelong, Memoire ; and 
we have feen that the thermometer in the fhade rifes al- 
moft as high. : 

Some perfons have imagined. I know, that if the heat 
was as great as the author admits, all the rivers would boil. 
This by no means follows, for one fubftance is not only 
more.eafily heated than another, but will receive more and 
retain itlonger; and at Marfeilles where the earth was 
heated to 170°, the fea was only 45°. The like has been 
found in other inftances, and is daily evinced in water in 
particular. | 

From all thefe fats, we are warranted to conclude that 
there may be places in the world, where in particular 
fituations, and aided by collateral circumftances, fome ani- 


mal eggs or vegetable feeds may be expofed to heat not 
inferier 
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T may relate an obfervation by M. Sonnerat, cor- 
refpondent of the Academy of Sciences, concern- 
ing the heat of certain waters in Lucon, one of 
the Philippine Iflands. They were fo hot he could 
not bear his hand in them, and the thermometer 
role to 187°. Yet, to his great aftonifhment, were 
fifhes fwimming there’ (1 . 89 

I am.-conftrained, by philofophical nadece 
mow to think otherwife of the germs of certain in- 
fafion animalcula than I did at the time of 
publifhing my Diflertation, when it did appear 
to me poffible their germs in general could refit 
the heat of boiling water. This was a deduétion 
from vegetable feeds and eggs perifhing at that 
heat: but the faéts narrated here, which were 
then unknown ‘to me, > have diiduced me to alter 
amy opinion. 

Though the germs fo often referred to are not 
deftroyed, at leaft for fome time, by boiling heat, 
the animalcula thence produced perith at 108°, a 
degree remarkably inferior. This hasbeen al- 

ready obferved, and not without furprife, but none 
will remain on bringing the example of plants 

Woe Mh D aie 


inferior to that of boiling water; it may even ot paks it,s 
-but it is a very different confideration whether thefe esas 
and feeds will not lofe ‘their fertility 3 eggs undoubtedly 
will when they are in that ftate, if they have the ‘various 
_ parts commonly afcribed to an ege.— 1’, 

| (1} Obfervations fur la Phylique, par M. Rozier, . 
tom. 3. 
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and animals into confideration, as they can fuf- 
tain fo much lefs heat than feeds or eggs. How- 
ever, the rule has an exception in the germs of 
the higheft animalcula ; for, whatever may be the 
caufe, they can fupport lefs heat than the animals 
themfelves. The animalcula die at 108°, but the 
germs are not developed after g5°. Weare un- 
der the neceflity of admitting, therefore, that the 
nature of the germs of the higher and lowerclafles, 
is very different relative to their faculty of refifting 
heat; which is fully coincident with all I have 
fajd of vegetable feeds, and what fucceeds in 
eggs. Peale, lentils, wheat and lintfeed, for the 
moft part, became {terile at 189°; trefoil vege- 
tated at 212°; and M. Duhamel’s wheat at 
234°: and although the difference has not been 
fo fenfible in the eggs of the animals mentioned 
above, it is fufficiently perceptible in thofe of 
another kind. The eggs depofited by certain 
butterflies on the under fide of leaves, as well as 
thofe that fome infects depofit to a northern al- 
pect, perifh at 79°. ‘Twenty degrees more will 
hatch the eggs of other infeéts ; and that heat 
even feems neceflary for their exclufion. Such 


are thofg inferted by afili in the hard hide of 


oxen, cows, or bulls; of particular flies, that 


infinuate them into the nofe or frontal finus of © 


fheep, goats, or deer; and of others, which 
depofit 


> 
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depofit them in the reGtum of the horfe (1). 
The fame may be faid of feveral fpecies of worms 
breeding in the human body, and in calves, 
where the heat is about 99°. 

If there is fo much fimilarity in the powers of 
animalculas germs, and the eggs of other ani- 
mals, in refifting heat, there is ftill more relation 
between animalcula and the animals themfelves ; 
for the fame heat is fatal to both, or they die at 
deorees not inuch different. 

Though thefe connections between germs and 
eggs, between infufien animalcula and other ani- 
mals, afford additional conviction, that all the 
operations here are according to the known and 
ordinary laws of nature, without recurring to 
imaginary forces, ftill we want further informa- 
tion to acquire more particular, more enlarged, 
and more correct notions of a clafs ‘of beings, 
which their wonderful minutenefs has removed 
to fuch a diftance from us. Yet our curiofity is 
-fingularly excited concerning them, from the fa- 
mous fyftems of generation to which they have 
given rife, by their myfterious mode of reproduc. 
tion, and the uncommon qualities connecting 
them with the reft cf animated nature. ‘ Here 
‘another univerfe begins,’ fays M. Bonner, 
‘ of which we the Columbus and Vefpucius have 
€ but diftineuifhed the fhores, and: defcribe them 

D2 * not 


TT! : 
{1) Vallifteri. 
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* not unlike the manner of the firft American 
* navigators.’(1). After Mr Needham, I have at- 
tempted to make little excurfions in this univerie. 
T have endeavoured to penetrate the Continent, 
to view the inhabitants, and have not failed to 
give naturalifts a faithful account on my return. 
But from new excurfions, and by exploring the 
country with greater diligence and leifure, I per- 
ceive my narrative is very fuperficial. to what 
may be given. This is what I have begun. to 
communicate to the reader in the preceding chap- 
ters, and which fhall be profecuted m the fubfe, 
quent. | Sic 

What above all fhould be inveftigated is the 
nature of the inhabitants of this microfcopic 
world. The nature of an object 1s difcovered 
from its properties, that is,’ its relation. to other 
beings. The more analogies there are, the great- 
er fcope is there for comparifon; and the more 
comparifons we can make, our knowledge of it 
‘acquires greater extent, My principal purpofe 
in thefe new refearches fhould therefore be, to in- 
ftitute the greatelt poffible number. of compari- 
fons between animalcula and other animals. I 
have already made fome experiments on them 
with heat, and I thall now proceed to fpeak of 
others ; and firft of what is directly the reverfe of 
heat, namely, the influence of cold. 
eet GHAR, 


(1) Corps Organifes, T. 2. 
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CHAP. IV. 


INFUSION ANIMALCULA AND THEIR GERMS EXPOSED 
TO VARIOUS DEGREES OF COLD,” © 


* 


# 


Animateuna were tranfported fromi’ the heat 
of the atmofphere to the cold of an ice-houfe. It 
muft have been a fevere change, in the heats of 
Auguit, to be removed from 84° to 36°. The 
only alteration I could perceive was fome telaxa- 
tion of motion ; but they did not feem to fuffer 
farther, though they remained there feveral days. 

The experiment was diverfified by expofing 
_ them’ to the cold of freezing, which I did by 
burying the veflels of infufions in ice. Confider- 
able. part of the animalcula died on the fourth 
day : of twenty-two infufions, thofe of feven only 
were alive. Thefe feveti were kept buried in née; 
and vifited from time to time. In eleven days, 
the animalcula of two had perifhed, but thofe of 
the other five were {till living at the end of two’ 
months ; nay, one fpecies feemed more nuiwer- 
ous. Befides the feven infufions already full of 
animalcula, two, which were yet fterile, from 
being lately made, had at the fame time been 
put among the ice. In fome days, I know not 
D3 how 
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how many, they produced a legion of moft mi- 
nute animalcula. ; | 

In the courfe of the following winter, animal- 
cula were expofed to new trials, and the refult cor- 
refponded with that formerly obtained. Though 
under the freezing point, the infufions continued 
fluid, from the vegetable oil they contained, and 
not a particle of ice was to be feen: yet the ani- 
malcula of many died, except fome more robutft 
fpecies, on which I determined, for that reafon, 
to make further experiments. During this winter, 
Y put the animalcula that the cold had not been 
able to kill without the window in an exceflively 
cold day. ‘The thermometer fell to 19°; and the 
infufions, hitherto preferving their fluidity, were 
covered with a thin cruft of ice. Breaking 
this cruft, and applying fome particles to. the 
microfcope, in the parts not completely hardened, 
I faw animalcula ftill alive, immerfed in little 
caverns of ice(1): but in the portions abfolutely 
frozen and dry, they were dead and motionlefs ; 
nor did they revive after melting the ice. Where 
the water was perfectly fluid, the animals were 
quite vivacious (2). 


‘This 


(1) Fhe author means, he took the pieces when begin- 
ning to freeze; for water expofed at 19° would very 
foon become a folid lump of ice.—-T, 

(2) The illuftrious Muller of Copenhagen has met with 


fome 


% 
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This was not enough. I was eager to fee what 
happened as the water gradually froze.—-A large 
drop of infufion being prepared, it was adjufted 
to the microfcope: ‘The circumference, that is, 
the thinneft part, froze firft. The animalcula 
retreated from the edge to the interior of the 
fluid. As the freezing advanced, they {till re- 
ceded, until collected in a mafs in the middle of 
the drop, where it was yet fluid. When this 
alfo froze, the life and motion of the animalcula 
ceafed. 

On repeating the experiment, they again fled 
to the centre, and died there as the drop hardened 
into ice. Two other glaffes being filled with fi- 
milar infufions, they took an hour to freeze; and 
this infinite army of animalcula had fo concen- 

D4 . trated 


fome f{pecies that have furvived the congelation of infu- 
fions ;—a fact which it has not been my fortune to witnels : 
and I muft fuppofe, he convinced himfelf the infufions 
were perfectly frozen. Quaedam (7. e. Animalia'Infuforia ) 
rigorem frigoris fuftinent aquaque gelu foluta, eodem nu- 
rnero, vigoreque priftino circumnatant, alia gelu affecta 
periere. ‘Thus does he exprefs himfelf, in his treatife on 
Infufion Animalcula, Leipfic, 1773, 1774. I regret that 
this work did not come to my knowledge unti: too late 
to ufe it in the text of my manufcript; which was al- 
ready tranfcribed. ‘The lofs can only be repaired by 
notes; particularly as the author and myfelf have fre- 
quently remarked the fame fa@s; or difcuffed analogous 
problems. 
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trated in the middle, that very few were frozen 
in the reft of the infufion. 


What I have hitherto related proves that thefe: 


fpecies of animalcula do not perifh at 13° under 
freezing: but do they perifh becaufe cold has: 


deftroyed: them, or becaufe the’ infufions have: 


loft their fluidity, for I have uniformly found, 
when infufions dried up, the animalcula were ir-: 
recoverably dead? The matter, was dubious,’ 
norcould it be elucidated unlefs by farther expe-: 


riment. It was neceflary to augment the cold 


below 19°, and.at the fame time prevent the 


fuid from freezing. Both the one and the other 


were eafily accomplifhed, by means.of artificial. 
eold,. or a mixture of falt, fnow, and-common 
water, in. which animalcula that had. died at 
1g? were put. It is well known to philofophers, 
that water does not lofe its fluidity at 20°, nay, 
at 21° below freezing, if at perfea reft, which 
is attained. by mclufion in a veflel, and re- 
moval. from all. external motion.. Thus I dif- 


covered that 19° had. not, been fatal to the ani-: 


malcula but the freezing of the imfufions, fince 
at r2° all were alive and fwimming about, though: 


with much lefs velocity than ufual. Some fpe- 


cies could fupport.no more, for they died. at 12°,. 
though the water was not frozen, but began to. 
be covered with a thin film. Two fpecies {till. 
furyived, and perhaps, or even without perhaps, 

might 


4 
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might have fupported a greater degree, had F 
been able to keep the water longer fluid (1). 

- The germs of the animalcula were likewife ex- 
pofed to cold. New infufions being made, and 
the veffels hermetically fealed, I expofed them to: 
moft intenfe cold produced by a mixture of finely 
pounded falt and fnow ; the thermometer fell 2° 
below .o. The infufions were frozen fo hard as: 
to require above half an hour to melt where 
the temperature of the air they. were ‘removed: 
to furpafled the temperate degree (2). But the 
germs had not fuffered the {malleft: injury, as. 
all the infufions, though conftantly remaining in- 
veflels hermetically fealed, produced every {pecies: 


of animalcula at the proper time. 


Little is faid of coldin my Differtation, but it has 
been obferved, that the cold of fnow, or, which is. 
the fame, that of freezing, killed infufion ani-. 
matlcula.. It is confirmed by the facts ftated here: . 
and we fee in addition, that all animalcula do not: 
yield to that degree, but fome can bear 14° and 
others more. ‘Thefe things completely quadrate 
pba . with 

(1) Dr Blagden cooled boiled diftilled water to 20° 
without freezing. He does not feem to confider that: 
keeping it at perfect reft is the caufe of fluidity. Philo/o- 
phical Tranfactions, 1788.—T. 

(2). The temperate degree in Reaumur’s thermometer. 
I can neither procure one of them marked with the tem: 
perate degree; nor can I difcover from the Author’s own 
memoirs what it is. Probably it may be between 51° and 


56° of Fahrenheit.—T. 
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with the animals bearing the greateft analogy 
and the neareft to animalcula, I mean infeéts. 
Some races donot die at 11° below 0, while 
others perifh at 10°, or at moft at 7°. Many 
cannot fupport fimple freezing, and others ceafeé 
to live at cold far inferior (1). 

There is this difference between infufion ani- 
maléula and infects expofed to cold; the former 
are fufficiently lively to preferve the action of their 
members ; the latter at freezing, and fome before 
it, lofe all vivacity, and affume the appearance of 
dead bodies. However, there are a few infects 
which, in this refpect, may be compared to ani- 
malcula; befides the podura of Linnaeus, which 
inhabits the fnows of Sweden (2), I have feen 
the eels of vinegar retain motion at an ir.enfe 
cold. Vinegar does not freeze fo foon as water; 
fome kinds did not freeze at 16°; others more 
fpirituous at 7°; and the anguillae always moved. 
while it femained fluid. Eels, like animalcula, 
infenfibly become motionlefs on encreafing the 
cold; they itil move while a thin cruft covers 
the vinegar; but the freezing being augmented, 
motion ceafes, and they are extended in a ftraight 
line, or in one a little curved. If fudden aid is 
brought, by melting the ice, they will certainly 
recover; but if the ice is allowed to harden more, 
melting will not bring them to life (3). 

The 

(1) Reaumir, Memoires fur les Infectes, tom. 2. 5. 

(2) Fauna Suecica, 

(3) Dr Power obferves, that the eels of vinegar may be 

frozen 
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The relation between infects and animalcula 
extends to the originating principles of both. In- 
tenfe cold neither deftroys the germs of animal- 
cula nor the eggs of infects. The year 1709 is 
celebrated for its rigour, and the fatal effects it 
had on plants and animals. ‘The thermometer 
fell to 1°. Who can believe, exclaims Boer- 
haave, that the feverity of this winter did not 
deftroy the eggs of infects, efpecially thofe expof- 
ed to its influence, in the open fields, on the 
naked earth, or the branches of trees? Yet, 
when the fpring had temperated the air, thefe 
eggs produced as after the mildeft winters (1). _ 


frozen and thawed feveral times, and they will ftill be as 
lively as ever. Fifcher has feen a fpecies of taenia refift 
freezing eight days, and the hydatis cellulofa has fur- 
vived it as long ; Virey fur les Vers. Muller expofed a 
glafs veflel of water containing various minute animals to 
ihe coid of freezing for twenty-four hours. The ice was 
then melted, and the bodies of the animals appeared dead 
during twenty-four hours longer that they were examined. 
But on the following morning he faw the Cypris pilofa, a 
fmall fhelled infeé@t, and the Cyclops guadricornis, which 
is one of the monoculi, as lively as ever bath males and 
females. Some: fmall water beetles alfo recovered. 
Lntomoftraca feu Infecia teflacea quae in’ aquis reperiuntut, 
p. 5,6.—T. 

(1) Since that period, there have been winters 
more fevere. In France, during December 1788, the ther- 
mometer fell confiderably lower, and in feveral other tem- 
perate European climates. There is a memoir on the 
fybje@ alfo containing fome judicious remarks on thermo- 
meters by M. Gauflen.—-Memoires de la Societe des Sciences 
Phyfiques de Laufanne, tom 3.—-T. 
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I have expofed eggs to a more rigorous trial 
than the winter 1709. ‘Thofe of feveral infects 
_ and among others of the filk-worm moth, and elm 
butterfly, were inclofed in a glafs ,veffel, and 
buried five hours in a mixture of ice and fal 
gem; the thermometer fell 6° below o. In the 
middle of the following fpring, however, caterpil- 
lars came from all the eggs, and at the fame time 
as from thofe that had fuffered no cold. 

In the following year, I fubje€ted them to an 
experiment {till more hazardous. A mixture of 
ice and fal gem, with the fuming fpirit of nitre, 
reduced the thermometer 22° below o, that is 
23° lower than in 1709.. They were not in- 
jured, as I had pee ame by their being 
hatched. 

Combining all thefe facts, we conclude that 
cold is lefs noxious to germs and eggs than to ani- 
malcula and infeéts. Germs in general can fupport 
2° below o: whereas of animalcula, fome die 
at freezing, and fome about 20°. The egos of 
many infects continue fertile at 22° below o, 
while the infects die at 16° and 14°. This I 
have feen in filk-moths eggs, and thofe of the elm 
butterfly; and although there are caterpillars | 
and chryfalids able to refift great cold, I have 
uniformly found it to be ina lefs degree than 
their eggs. What can be the caufe of fucha 
difference? The queftion has already been agi- 
tated when fpeaking of heat; and in the fame 

manner 
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manner as. infufion animalcula and. inleGs: « can 
refit cold lefs than their germs, .fo/do they lefs 
refit heat. A caufe for the difference has alfo 
been attempted to be isle and what has been, 
faid will apply to the .prefent cafe, which the 
reader may fee by refuming the: paflage. . There: 
is ftill a more obvious caule: infects killed at 
16°. and 14° are fo penetrated and frozen by 
the cold, that their members do not.yield to the 
preflure of the finger, and feem perfect ice under 
the knife. ‘This does not happen to eggs, though - 
fubjected to a much greater ,intenfity... Their 
humours remain fluid, even at the greateft cold, 
as-may be feen by crufhing them with the nail. 
Perhaps this is derived from conftituent {pirituous 
or oleaginous parts, or from fome. principle 
adapted to abate the power of cold. (1)... If eggs 
do not freeze,’ it 1s probable the included em. 
bryos do not freeze. Is there any thing won- 
derful, therefore, that they then furvive cold 
which is fatal to them when. produced? Pyo- 
bably for the fame reafon, (and I fee no objec- 
tion 

(1) To underftand this in its full extent would be er- _ 
roneous; for an egg will freeze by a great degree of cold: 
at the fame time, there feems to be a living principle 
which enables it to fupport cold without deltruction; and 
when once that principle is deftroyed, cold more eafily 
operates. An egg was froze by the cold of 0; after thaw- 
ing, it froze feven minutes and a half fooner. A new laid 
egg took half an hour to freeze in 15° and 17° ; but when 


thawed, it froze at 25° in half the time. Hunter on the 
Animal Oeconomy.—T. 


\ 
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tion that can apply) animalcula concentrated in ' 
the germ, fupport a degree of cold they are in. 
capable of when developed. 

Before terminating the chapter, fome reflec- 
tions fhould be made on the fmaller fpecies of 
animalcula which criginate at freezing,—a phe- 
nomenon not remarked in my Differtation, when 
occafionally fpeaking of the feafon moft fit for 

‘their produétion, either becaufe I had not ad- 
verted to the fact, or had never obfervedit. We 
mutt admit, that the germs of thefe moft minute 

é ‘animalcula expand when no eggs will produce ; 

+ -4-  _,_ for there is no inftance of any being hatched at 

7 7 ae freezing point. But there is nothing fingular 
. ys in it, if we confider what is the temperature 
i Goes we denominate freezing. The ancients believed 
| Ginbitt it the greateft poffible degree of cold: modern : 
‘ ai experiment has demonftrated how much it may 
x batt Bs . be augmented, either naturally or by art; and 
os. ft 6 pul the faéts we juft now relate are an inconteftible 
ae proof. ‘They fhew, that the cold of freezing is 
never ‘feparate from a confiderable portion of | 
heat. Can we defire any thing more convincing ? 
) 
| 


If the ball of a thermometer is transferred from 
a mixture of {now and falt to plain {now, it will 
rife from 22° or 27° below zero to the freezing 
point again. Is not this a clear indication of the 
thermometer pafling froma cold to a warm fitua- 
tion, or, to fpeak more philofophica lly, from a 


place 
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place where there is lefs heat to one where there 
is more. Ifthe temperature of freezing retains a 
portion of abfolute heat, Why {hould it not de- 
yelope the germs of the moft minute animalcula ? 
It is needlefs to fay we are unacquainted with any 
{pecies of eggs that may be hatched by fo little 
heat; had we never feen any but thofe of birds 
which require 104°, we fhould undoubtedly fup- 
pofe all others require the fame. A little initiation 
into the ftudy of minute animals teaches how many 
kinds produce at heat infinitely lefs: Such are the 
eggs of butterflies and many other infects, of frogs, 
toads, lizards, tortoifes, down to fome, as thofe of 
toads, which I haye feen produce at 45°. If thefe 
eggs hatch at 59° lefs than thofe of birds require, 
what repugnance will there be to fuppofe that at 
13 degrees lefs, or the cold of freezing, may 
hatch the eggs of other animals? Nor fhould it 
furprife me to be told of animals, whofe eggs 
would produce at much greater cold, after know: 
ing there are plants, beings fo fimilar to ani- 
mals, and many of them, which, amid{ft the ri- 
-gours of winter, flourifh, are impregnated and 
fructify, as winter aconitum, liverwort, (epatica 
nobile) narciflus, black hellebore, terreftrial mof- 
fes, and corallines (1). 

Among 


(1) iis uncertain what the Author means by Coral. 
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ae gh 
- meer the germs producing infufion animalcu- 
la, there is one fpecies that does not perifh at boil- 
ing heat, whence the fmalleft animalcula originate, 
or, as we have termed them, of the loweft clafs. 
“The refemblance in minutenefs of fuch animalcula, 
and thofe originating at freezing, made me fuf- 
pect, that the germs refifting boiling might be the 
fame with thofe expanding at freezing. \ Rigo- 
‘* vous experiment was neceflary to afcertain whe- 
ther it was actually fo. While feveral new infu- 
““fions were buried in fnow, others hermetically 
fealed were expofed to boiling heat; and I examin- 
ed both at a proper time,.‘but I never could dif- 
cover any fentible difference in the figure, fize, 
organization, or motions of the refpective animal- 
cula; whence I think there is fufficient reafon to 
. conclude they are identically the fame {pecies. 
The identity of the animalcula eftablifhes the 
identity of the germs. ‘Two moft fingular pro- 
perties, therefore, exift in thefe minute animated __ 
beings; one the power of refifting the heat of. 
boiling water; the other the peculiarity of ori- 
inating at freezing. 
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MORE ACCURATE AND EXTENSIVE CONSIDERATION 
“OF THE EFFECT OF HEAT AND COLD ON ANIMALS. 


Hear and cold, we have feen, are two agents 
deftru€tive of animals, when extended to a cer- 
tain degree. We have alfo obferved, that all 
fpecies do not perifh at the fame intenfity; but 
fome can fupport more, and fome lefs, according 
to the hardinefs of their conftitutions. All this, 
however, has been viewed only on a narrow 
{cale, and in a limited number of animals, and 
even thofe occupying the loweft rank in the {eale 
‘of animation. Let us generalife our ideas, and 
confider the fats more at large. Let us run o- 
ver the different clafles and orders of animated 
beings, beginning with man, the moft noble, 
the moft fublime, and moit perfect of all.—— 
Such confiderations will afford an agreeable in- 
terlude, and leflen the ennui which aimed the 
fameneis of a fubjed. 
Though man, like other animals, being fub- 
jet to phyfical laws, muft neceflarily be liable to 
~perifh from excels of heat ar cold, he can fuftain 
a degree of feat that might be fuppofed infup- 
Vou. | i portable. 
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portable. Coinciding with Boerhaave’s fenti- 
‘ments, it is commonly believed, we cannot exilt 
in an atmofphere warmer than blood-heat. So 
that illuftrious philofopher concluded, becaufe 
he faw certain birds and quadrupeds die at 
149°, which is 50° more than human blood (1). 
This opinion is ill founded ; fince there are coun- 
tries inhabited where the atmofpherical heat is 
greater than that of our bodies. ‘Thus, in Apa- 
mea and the Cape of Good Hope, it is:113° in 
the fhade (2); to which the natives muft be ex- 
pofed, In Carolina, it furpafles that of the human 
body; for the thermometer falls when taken 
from the air in the fhade and put in a perfon’s 
mouth (3). In warm baths, we are fometimes 
fubjected to more heat than in the hotteft cli- 
mates. Certain waters are 113°, and Lostiers fo 
much as 120° (4). 

There is the fame fimilarity in the facts related 
of cold to thofe related of heat. Boerhaave 
thought the utmoft degree of cold that could 
happen was zero in Fahrenheit’s thermometer, 
or 142° below freezing by Reaumur’s; at 
which, he remarks, men, animals, and vege; 
tables foon perifh. Experience proves that, in 
different parts of the globe, cold is greater. Ac- 
cording to what the Parifian academicians relate, 

; } ° . 

(1) Chemia. Tom. 1. (2) Cap. Sy 

(3) Haller, Phyfiolog. T. 2. (4) Haller, ibid, 


1. ANIMALCULA OF INFUSIONS. 67 


in fome winters at Peterfburgh, the thermometer 
fell 29°, and once 33° below o(1). The cold 
at Quebec exceeded it, for the thermometer fell 
to 42°(2). That at.Torneao, obferved by 
Maupertuis, was ftill greater, as it fell to 51° (3). 
But this which appears extreme, compared with 
what we witnefs, cannot bear comparifon with 
that femetimes felt in many parts of Siberia, as 
- Tomfk, Kirenga, Jenifeik, where the thermome- 
ter has been feen at go°, 128°, and even 178° 
below 0 (4). | 
Such dreadful cold, we cannot deny, was per- 
nicious, nayfatal. In Peterfburgh, at—29°, the 
face could not be kept uncovered above half a 
minute(s): and at Yorneao, where the ther- 
mometer fell—51i°, thofe expofed to the air 
felt the breait as if lacerated. Nor is it uncom- 
mon fer the inhabitants of thefe cold climates to 
lofe fome member, as a leg or an arm, during 
winter (6). Similar and more terrible are the 
effects in Siberia : yet, in other parts of the earth, 
cold is perhaps more intenfe. Such may Captain 
Middleton have experienced in Hudfon’s Bay, 
as he has communicated to the London Royal 
E 2 Society. 


(1) Chem. ibid. 

(2) Hiltoire de L’ Academie Royale de Scienrés, 1749. 
(3) Voyage au Cercle Polaire. 

(4) Hitt. de Acad, Roy. (5) Ibid. 

(6). Maupertuis, ibid. 
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Society.—All the liquors, not excepting brandy, | 
froze within their houfes, and the beds in their 
apartments were covered with a coating of ice 
“three inches thick,—though the walls of the 
dwellings, where they had buried themfelves, were 
{tone, and two feet thick,.--the windows very 
fmall, and clofed with {trong boards moft part 
of the day,—and they had great fires continually 
burning. The Dutch fuffered equal cold in 
‘Nova Zembla ; where the rigour of the weather 
was fuch, that, in a clofe hut, and with a con- 
ftant fire, it was with great difficulty they could 
keep their feet from freezing. Their cloaths 
were always covered with ice; and their wine, 
though very {trong, was dealt out in lumps of 
ACE Cad. 

The 


{1) Here the author’s deductions are from erroneous 
experiments made by others; becaufe cold fo very intenfe 
has never been witnefled by modern philofophers. It is 
not impoffible, indeed, that there are countries where it is 
really as great, but they are yet unexplored. | 

It was long believed, that no natural degree of cold ex- 
ifted which would congeal mercury. It was artificially 
frozen, and the thermometer fell feveral hundred degrees 
below the freezing point. Therefore, when travellers in 
the northern regions faw it ftand at—1o00° or 200°, they 
concluded that to be the real degree of cold: but the 
mercury in the thermometer was already frozen, and ra- 
pidly contracting into lefs bulk. The freezing point of mer- | 
cry, it is now afcertained, is under—40° : but if the cold 


exceeds 
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The effects of cold ta that degree too clear- 
ly demonftrate, that it would be fatal to the hu- 
man race, if unprotected againft it. I do not mean, 

) E 3 it 


exceeds this very little, it will defcend the feale fome hun- 
dred degrees. In an experiment, where the cold was only 
a few degrees more than 40, the thermometer immedi- 
ately fell to—4s50° and 490°.—Cavendi/h’s Obfervations on 
Mr Hutchins Experiments, Philof. Tranfac. 1783, ps. 23s 
a5. 

The greateft cold that Acerbi obferved in his travels in 
the north, was—13°. Mackenzie experienced 16° ; but his 
thermometer was then broken.—Travel; over the N. Con- 
tinent of America. The greateft cold at Montreal in North 
America was—16°. 18°.—Philofophical Tranfudctions. That 
experienced by Captain Cartwright, on the coait of Labra- 
dor,—25°.— Journal of a Refdence on the Coaft of Labrador. 
On the fame coaft, by M. dela Trobe,—30°.— Philo 
Tranf. 1782, p. 198. The cold at Peterfburgh and Mof- 
cow has been from—30° to 39°.—Ada Petropolitana, Nov. 
et Vet. var. loc. Mercury has froze at Prince of Wales 
Fort, Hudfon’s Bay, and Albany Fort. -Philof. Tran/: 
1793, p- 3608. 1770. M. Patrin fuffered—35° in Siberia ; 
.and quickfilver froze.—Fournal de Phyfique, 1791, p. 88. 
But even thefe degrees have been far furpaffed at Ouftioug 
Velikoi, in the government of Vologhda, lat. 60°. 50. 
N. where the thermometer fell 83° below Zero, in De- 
cember 1787; and, in January the fame year, fo low as. 
103°. | 

The fenfations excited by fuch exceffive cold are incon- 
ceivable to us, who live in temperate climates. “I can- 
«* not exprefs the pain of refpiration at 35°,”? exclaims M. 
Patrin : “ boiling oil feems to fill the lungs. Even in the 

** clofelt 
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it will be fo abfolutely, but only relative to the 
condition of the perfons expofed. With regard 
to what was fuftered by Middleton and the Dutch 
in Nova Zembla; fhut up in huts, they led a 
quiet and fedentary life, which undoubtedly pro- 
motes the aétion of cold; I do not.think myfelf 
miftaken in affirming, that, well cloathed, and. 
taking plenty of exercife in an open country, 
they might have braved as intenfe cold without 
danger. In the winter nights of our temperate 
climate, it is formetimes much more than freez~ 
ing, and one expofed to it without any motion 


would really die; but preferving fufficient mo- 


tion, we might fuffera greater degree. Thuss. 
the Paris academicians, though accuftomed to a 


elimate 


** clofeft carriages, one is {uffocated by this piercing cold.” 


tts other effeéts are no lefs terrible: rocks and trees are 
fplit with reports like cannon. There is a perfec calm, 


and fo thick a milt prevails, that nothing can be dif- 
tinguifhed a few paces diftant- Magpies, crows, and 


{parrows fall dead to the earth ; nor are quadrupeds and. 


the human race fecure from danger.. 


The pernicious confequence of cold is vifible in all ani: | 


mated nature. Plants are neither fo abundant nor Inx- 
driant as in the warmer regions. Animals are fewer; 
they are lefs diverfified;: and, in general, their fize is 
imaller, Something is wanting to expand the organic 


fyftem ; nay, to create that beauty and variety which are 


found in the genial temperature of the South, and whick 
it is fo pleafing to behold.—-T- 
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climate as temperate as.ours, began their altro- 
nomical obfervations amidft the woods or moun- 
tains near Torneao, before the {now lay deep up- 
on them, and the intenfe cold had not encreaf- 
ed to---51°, as it afterwards did ; however, it was 
fuch, that all liquors excepting brandy froze, 
and a veflel could not be taken from the mouth 
without drawing blood, .for the froit had glued 
it to the lips. 

The favages of the ‘moft northern climates con- 
‘tinue to hunt during the coldeft weather ; and fo 
true is it, that motion alone preferves life, when 
any misfortue threatens deftruction, they acceler- 
ate death by reft(1). ‘There can be no better 
proof of the efficacy of motion againft cold than 
the narrative of the Dutch who wintered at Spitz- 
bergen, a country fituated in 78° of north lati- 
tude, and by common confent allowed to be the 
coldeft in the world. Thofe who had fhut them- 
felves up in a hut, in the beginning of the feafon, 
died one after another. The cold was fo excef- 
five that.no fire could warm them ; whereas thofe 
who had gone into the open air, and employed 
themfelves in the “chace, in carrying wood, or 
any other corporal exercife, preferved health and 
vigour (2). _ . 

i 4 : From: 
' (1) Boerhaave, Praelectiones. Haller, Phyf. tom. 2. 

(2) The fame has invariably been proved by the ac- 

counts of thofe unforyina‘e perfons condemned to win- 


ter 
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From what has been faid may be judged the va- 
riety of heat and cold that man can fuffer, begin- 
ning with heat equalling or furpafling blood heat; 
and defcending to the horrors of cold fo far ex- 
ceeding freezing, which fhews that man is not ne- 
ceflitated by nature to inhabit certain determinate 
parts of the globe, but to live, multiply, and exer- 
cife his fovereignty over all, without finding an ob- 
{tacle in climate. It is otherwife with quadrupeds.. 
They are difperfed over the earth ; fo that fome 
are limited to warm climates, fome to temperate, 
and fome to cold ; nor has any fpecies yet been 
found adapted to live in all indifferently. The 
lion, elephant, tiger, leopard, and panther, inha- 
bit only the warmeft regions ; when tranfported 
to the temperate, they become incapable of pro- 
pagating, and foon perifh in the cold. Although 
the domelilic animals, fo ufeful to us, are not in- 
jured by warmer climates, they cannot live in 
colder. Such are the horfe, ox, and fheep. The 
elk, rein-deer, and ermine, inhabitants of the 
north, are never found in fouthern countries ; and 
fo far from being able to exift there, they do 
not live in temperate chmates. At leait this has 


been: 


ter in fuch inhofpitable regions. Air and exercife always 
preferved health, while inactivity uniformly fubje@ted them 
‘to difeafe. However the death of a great many feems to 
have enfued from improper food.—T.. 
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been found with the rein-deer ; its naturalization 
has often been attempted in France and Germany, 
but inftead of multiplying they always perifhed(r). 

The law reftrainig quadrupeds to their native 
countries is liable to modifications ; for there 
are fome that can exift and multiply in temperate 
though originally from warm climates. The 
rabbit and guinea-pig are in{tances of the former ; 
the beaver and lynx of the latter(2). 

Birds may in this inveftigation be confidered 
as divided into two clafles: Of thofe inhabiting 
cold, temperate or warm countries, fome do not 
wander far from their native place, or do not 
change their climate. Others have no fixed 
abode, but change according to the different fea- 
fons, being neceflitated to it either by the fcanti- 


nefs 


(1) Buffon Hiftoire Naturelle, tom. 14. 

(z) It is very true, that the animals which have been 
removed all at once from cold to warm climates, and the 
reverfe, have ceafed to propagate their {fpecies. However, 
there are feveral exceptions, and more will be known in 
proportion as natural hiftory continues to be further cul- 
tivated. Perhaps the ceflation of multiplying their fpecies 
arifes from the great and fudden change: but if one ge- 
neration was removed two degrees farther north or fouth, 
propagation would moft probably continue. If their pro- 
geny were removed two degrees more, and fo proceeding 
by fhort diftances, every generation, there is great reafon 
to fuppofe, would continue fertile, and the animal be natu- 
ralized in any climate.—T. 
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nefs of food, or from inability to bear the winter, 
or even a flight degree of cold. 

We have faid that Boerhaave thought 149° 
immediately killed certain birds and quadrupeds. 
Surely 50° above blood heat is very great, and 
cannot but be intolerable to many races of ani- 
mals; yet we muft acknowledge it may be 
borne, and that it is fo by many fpecies inhabiting 
the torrid zone, and other very hot regions. And 
it appears to me, that we fhould reafon on heat 
which birds and the reft of animals can fupport 
as we reafort on the cold. As thofe in the 
northern climates can fuftain exceffive cold, fe 
can thofe in the fouthern fuftain exceffive heat. 

It is eafy to afcertain the greateft cold that either 

cetaceous or fquamous fifhes fuffer: it will al. 
ways equal that of the water which they are in, 
confequently in frefh water lefs than freezing, 
elfe it would not continue fluid. ‘Thofe inhabit- 
ing falt waters, as the fea, will fuffer a little 
more. ‘Thus fifhes are fecured again{t the rigour 
of cold to which innumerable animals are fo 
much expofed. No lefs are they fheltered from 
the burning heat of the atmofphere, excepting 
thofe living in fhallow waters, and on that account 
more or lefs fubjeed to the influence of the 
air from the predominating feafons or the climate. 

From fome obfervations, we know there are 
carp living in warm fprings that experience blood 

heat 


Ae 
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heat (1). 1 took feveral river carp for experi- 
ment. When the water they were in had been 
heated to 106°, they exhibited no fign of uneafi- 
nefs. At 109°, they began to ftrugele, and died 
at 116°. Experiments were made on other 
fifhes, as eels, tench, lampreys, but none could 
bear fo much heat. Whence, by analogy, thofe 
inhabitmg warm fprings fhould fupport greater 
heat: and of this the fifhes we have juft mention- 
ed afford ample evidence (2). | | 

But of all known animals, reptiles and infects 
ftand in greateft dread of cold, and feek heat the 
moft. The heat of the fun may be called their 
foul. Then they are full of fenfation and motion; 
and as that luminary is more powerful, fo do 
their activity, vivacity, and boldnefs increafe. 
‘The venomous kinds, as fnakes and fcorpions, are. 
more formidable, and their poifon more danger- 
ous. But cold produces an oppofite effect. In- 
numerable infects perifh on the approach of win- 
ter, and moft of both them and reptiles that fur- 
vive would encounter the fame hazard, if not 
protected againit it. In temperate climates, all 
feek a fafe retreat when winter comes. Some, as 
fcorpions, and many {pecies of flies, retire to the 
rents of walls, or under the tiles of houfes; 
_ athers are concealed m the mid{ft of ftones, the 
clifts 


(x) Haller, Phyfiol. Tom. 2. (2) Ibid. Tom. 4. 
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élifts of trees, or holes in their trunks, as vipers, 
{nakes, cantharides. Some are fecured in the 
caverns of mountains, in fubterraneous abodes and 
the cellars we’ make, as fpiders, flies, mufkitoes, 
naked {nails, and beetles. Others find a genial 
warmth in dunghills during the rigour of win- 
ter. The bottom of waters, and the bowels of 
the earth above all, give fhelter and retreat to 
moit reptiles and infects. Yet, in the whole of 
thefe afylums, though fufficiently defended from 
the fatal effects of cold, they fuffer from its influ- 
ence in the moft fenfible manner. Their limbs 
become torpid, and they remain in a lethargic 
flumber the whole winter. | 
But among quadrupeds, birds, nay, perhaps, 
among fifhes, there are fome that experience a 
kind of lethargic torpidity not unlike that of 
reptiles and infects. To fay nothing of frogs, 
toads, lizards, and the like, among quadrupeds 
which dwell in water or in the earth all the win- 
ter, hedgehogs, land tortoifes, feveral rats, the 
marmot and dormoufe, are alfo overcome by le- 
thargy. Some in fociety, and fome in folitude, 
conceal themfelves in the trunks of trees, or are 
hid in the earth. Cold has. the fame influence 
on bats; they are found ftiff and motionlefs in 
hollow trees, or the rents of walls, or hanging to _ 
the vaults of fubterraneous caverns. 
3 some 
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Some birds are alfo fubject to torpidity. At 
the end of fummer, hundreds collect, clufter to- 
gether, and plunge into’ water, where they re- 
main the whole winter in heaps, and fhrunk 
within themfelves. The learned reader already 
anticipates that I {peak of fwallows.. The fact is 
too well circum{tantiated, too well authenticated, 
for any one to be hardy enough to call it in quef- 
tion. Many refpettable and credible perfons de- 

clare, they have not only beheld flocks of fwallows 
collect and plunge into pools on the approach of 
winter, but oftener than once have feen clutfters 
of them taken out of water, and even from be- — 
“neath-ice. The doubt therefore is, whether the 
fwallows of which thefe refpeCtable authorities 
fpeak are ours, that is, thofe conftru@ting an 
earthen neft in our houfes, and refiding with us dur- | 
ing fummer, or whether they are {trange {wallows, 
by which | mean a bird fimilar in colour, figure, 
and fize, but of a different nature and {pecies. 
For many years I have endeavoured to folve this 
queftion. Experiment has taught me, that ani- 
mals which are torpid in winter become lethargic 
alfo in other feafons, if fubjected to the requifite 
degree of cold; fo that, on expofing a frog, a 
dormoufe (/forcio mofcardino) or a lizard, to the 
cold of freezing, in fummer, while moft vivacious, 
it foon becomes torpid, and is in a ftate of torpor 
till the cold ceafes. Suppofing the fwallows of 


OUT 
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our country were thofe drawh torpid out of water, — 
and from beneath ice, I imagined they might be- 
come torpid and motionlefs if fubjected to the 
fame degree of cold, and thought of expofing 
fome to the temperature of an ice-houfe, gradu- 
ally bringing them from warmer atmofpheres, as 
of a cave or an apartment adjoining to the ice- 
houfe ; for, during the month of Augutft, to carry 
them all at once to fuch cold might be too fud- 
den a change. But all the fwallows in the ad- 
joining chamber died in three hours, without my 
being able to difcover whether they had firft 
fallen into a lethargy. The cold was not great, 
as the thermometer ftood at 43°. Other fwal- 
lows had the fame fate. Whence I may conclude, 
that the fwallows found in water or under ice 
are of a fpecies fpecifically different from ours, 
becaufe they perifh at a {mall degree of cold (1), 

| This 


(1) Since the author wrote this, he made the following 
experiments on fwallows, which may tend in fome mea- 
fure to elucidate the natural hiftory of thefe birds, which 
has hitherto been fo obfcure. 

“ Augutt 23. 1792, the thermometer being at 76°, four 
houfe fwallows, (hirundo domeftica) confined in a glafs 
veflel, were buried in fhow. In an hour, they had not 
fuffered in the leaft, and flew about the apartment. They 
were returned to the veflel, and the cold increafed. - In 


124 


: 
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- This experiment, which is mentioned in my An- 
notations 


124 minutes, the thermometer {tood at 9°; they were very 
feeble, but kept their eyes open: they moved when touch- 
ed, and endeavoured to efcape. The thermometer fell no 
more. In 60 minutes, fome figns of animation were in- — 
dicated by two, but the others appeared dead. However, 
this was only afphixy, for the heat of the atmofphere re- 
animated them, and in 68 minutes they had recovered 
their natural vivacity. 

‘Of two fwallows expofed to 1°, one died in ten, the 
other in fifteen minutes. 

‘ Two window fwallows (hirundo urbica) expofed to 2° 
and 3° of cold, died in 21 and 40 minutes. 

¢ Six martins (hirundo apus) were expofed to 8° for three 
hours. The firft hour they were reftlefs ; the fecond their 
motions .lefs frequent ; the third they feemed motionlefs 
though without lethargy. Their eyes were open, and. 
they moved on being touched. Expofed to the atmof- 
phere at 74°, they recovered. 

‘ In another experiment with the fame martins, the 
thermometer fell to 3°; one died in fix minutes, two more 
in twenty-five ; the other three appeared dead, bui reviv- 
ed on expofure to the atmofphere an hour; however, they 
died irrecoverably when returned to the veflel ten minutes 
longer. : ) 

« Some naturalifts think, that the bank fwallow (hirunde 
riparia) conceals itfelf in holes during winter ; and the er- 
rer afcribing the fame to window f{wallows, arifes from 


confounding 


80 -ANIMALCULA OF INFUSIONS, T. 


notations on La Contemplation de la Nature, a 
| work 


confounding the one with the other. Montbeillard con- 
ceives, that inftiné may induce them to conceal them- 
felves in the earth during winter. | 
. €Achard, coming down the Rhine in 1763, procured fome 
birds, evidently fwallows, quite torpid and inanimate, 
drawn from their fandy holes. Being put next his fkin,’ | 
they recovered, and flew away. But this obfervation only 
proves, that there exift fwallows fubject to real lethargy 
without determining what fpecies. Therefore, notwith- 
ftanding all that has been written on it, the queftion is fill 
dubious. In two years, I opened above fifty fwallows 
holes on the Banks of the Po, without finding any thing 
but their neft or its remains, which demonftrates that the 
owners had gone to winter in other climates. This re- 
calls an obfervation by Collinfon, who did the fame, and 
he difcovered nothing. | 

‘Onthe 15 of June four {wallows confined in a glafs 
veffel were immerfed in a mixture of foda and ice. The 
thermometer fell to freezing without affecting them; I 
confined them again, and the thermometer fell to 10°. In 
twenty minutes they were taken out. They could fcarce- 
ly move, or ftretch their wings ; their eyes were fhut, ne- 
yerthelefs they gradually recovered, and in half an hour 
flew about the apartment. 

¢ The experiment was repeated ; they lived thirty minutes 
at the fame degree. Put on their backs on a table, they 
were motionlefs at firft;.then after many efforts they re- 

covered 
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work tranflated by me (i), I find confirmed by 
M. De Buffon, in his firft volume on birds, pub- 
lifhed 


covered their natural pofition, and walked about the cham- 
ber, but had not ftrengthto fly. As the animal functions 
returned, refpiration gradually became more fenfible and 
guicker ; the eyes opened, motion and life were re-acquir- 
ed. Inthree hours the fwallows could fly. 

‘ They were again expofed to the cold of o twenty mi- 
nutes. T'wo expired ; the other two revived in five hours, 
but were unable to ufe their wings. Is this torpor a real 
lethargy fimilar to what is moft improperly called the 
fleep of many animals? Immobility of the body, almoft 
extinguithed refpiration, fufpenfion of the fenfes, and re- 
covery of them are ftrong prefumptions. But the fame 
fymptoms may attend real afphixy, fimilar to that of ani- 
-imals immerfed a certain time in water, or brought within 
the {phere of fome mephitic gas: an afphixy effentially dif- 
ferent from lethargic fleep, which may be continued feve- 
ral months without injuring the exiftence of the animal, 
while the other will foon deprive it of life. | 

‘ To afcertain this point, I entered with greater eager- 
nefs on new experiments, as they afforded me an oppor- 
tunity of correcting an error, when formerly {peaking inci- 
dentally of the lethargy of fwallows. In one of my notes 
to La Contemplation de la Nature, 1 faid, feveral fwallows 
which were kept in an apartment adjoining to an ice-houfe, 


where 
(1) Firft printed 1769, 1770. The experiments were 
‘made five years before. 


WoL. be 
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lithed 1770; where he obferves, that, with the: 
fame defign, he confined feveral fwallows in an 
ice-houfe, 


where the thermometer ftood at 43°, died without be- 
coming lethargic ; whence I concluded, that thefe birds 


were incapable of fupporting cold. In my Opu/coli di Fifica 


Animale e Vegetabile, 1 repeated the fame remark: the fa& 


was true, but I deduced a falfe confequence; for they 
bear a much greater degree without inconvenience. 

‘ Several fpecies were fhut up in wicker bafkets, covered 
with wax-cloth to preferve the humidity, andburied in fnow. 
Tn twelve hours, they were ftill vivacious, and crept clofe 
together to fecure themfelves as much as poflible againf the 
cold. The next twelve hours, they were in the fame ftate. 
T'wo could fly languidly about the ice-houfe. In thirty- 
five hours four were dead, two houfe fwallows, a bank {wal- 
low, and a martin ; the reft were fo weak, that they could 
neither fland nor fly, neither did they make any effort to 
efcape. Still, thefe fymptoms rather indicated infirmity 
than lethargy : their eyes were not fhut, and they refem- 
bled dying birds in every thing. Not one was alive in ten 
hours more. All perifhed in 48 hours in another experi- 
ment. 

‘It was neceflary to cover the bafkets with wax-cloth, 
for two fwallows, expofed without this precaution, died in 
two hours and a half, and were as wet as if they had been 
drenched in water ; which has certainly been the cafe with 
thofe mentioned in my note on La Contemplation, as I ree 
collect perfectly well that they were very humid. 


‘ Nine 
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ice-Houfe, but without ever feeing them become 
torpid ; and they uniformly perithed on remain- 
ing expofed any confiderable time. He thence 
concludes it impoffible that this bird becomes 

: F 3 lethargic 


I 


é Nine more were. confined in an ice:houfe : they lan- 
‘guifhed without becoming lethargic, infenfibly loft their 
firength, and died in 41 hours. Thefe animals did not 
perifh from hunger, for others lived without food three 
days, three and a half, and five days, while the moft vi- 
gorous in the ice-houfe lived only 48 hours. ‘Thus, the 
acceleration of death can only be afcribed to privation of 
heat.—A.. 

Thefe experiments very much elucidate the nature of 
fwallows in one refpect, but they are not quite fatisfactory. 
The author feems to think that intenfe cold does riot ac- 
tually produce lethargy. If this is the cafe, it muft be 
admitted, that all the fwallows named here leave Britain 
in. autumn and return in fpring; and that we have no 
proof as yet, that any birds taken torpid from the earth, 
caverns; rocks, or walls, were really fwallows. 

It is not evident whether the author retains his opinion 
in the text, that fwallows have been drawn torpid from 
water. This has been fupported by learned men. It is 
admitted in a late tra& by Fabricius on the winter fleep 
of animals. 

All the experiments on fwallows are related in the au- 
-thor’s hiftory of thefe birds. Neither that, nor his hiftory 
of Owls and Eels, in the fame volume, are vet tranflated 


into Englith, fo far as I know.—T. 
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lethargic in winter; fo much the more, as he 
learns from M. Adanfon, that common fwallows 
con{tantly appear in Senegal during autumn, and 
difappear in {pring : and he conceives the Euro- 
pean fwallows, and thofe fubje& to lethargy, of 
different fpecies, though they have hitherto been 
efteemed the fame. 7 
Neither are fome wanting in the immenfe tribe 
of fifhes on which cold produces a fimilar effeat. 
Tench, if we may credit Pechlin, as quoted by Hal- 
ler, are of this defcription(1). In the beginning 
of winter, he has obferved them bury themfelves 
in the mud, juft as we have feen many reptiles 
and infects do in the earth. Speaking in gene- 
ral terms, fifhes are a clafs of animals enjoying 
the privilege of preferving action and vivacity,. 
however cold the atmofphere may be, not only ~ 
_becauie fluid water can never acquire a great 
portion of cold, but becaufe they may retire ftill — 
deeper and deeper whatever is the cold it ac- 


quires (2). 2 
Whence 


(1) Ad PraeleStion. Boerhaav. T. 4. Haller, Phyfiol. : 
T 35. | . 
(z} The poffibility of filhes becoming torpid has been ~ 
doubted. A few experiments hick I have made on fe« : 
veral fmall fifhes feemed to indicate torpor. When ex- ; 
pofed to confiderable cold, though lefs than freezing, they: ‘ . 
fank motionlefs to the bottom of a veflel, and immediate. _ 
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Whence does it happen that almoft all reptiles 
and all infe€ts, at a certain degree of cold, lofe 
their whole vigour; their motion ceafes, and 
they affume the appearance of death ; while 
man, and the moft part of quadrupeds and birds, 
at an infinitely greater degree, retain their ori- 
ginal ftreneth and vivacity? What can be the 
proximate, the immediate caufe of this apparent 
death in the former animals, and that it is not fo 
in the latter? No one that I know of, before 
M. de Buffon, fet himfelf ferioufly.to confider 
this fingular phenomenon. According ‘to him,’ 
the animals that become torpid are cold blooded. 
Such had he found the greater dormoute (1),: 
the common dormoufe, land hedgehogs, and 
bats, which of themfelves have no _ internal 
heat, and only that of the atmofphere. Their 
blood refrigerates in proportion as the atmofphere 
refrigerates, which cannot take place with warm 
blooded animals from their internal princip'e of 
heat. orpidity muft enfue from this retrigera- 
tion, becaufe the ufe of the fenfes and limbs is 
F 3 loft ; 


ly revived on removal to a milder atmofphere. Some, 

however, preferved a languid motion while the water was 

about 32°. Lia Cepede appears to confider fifhes, in gene- 

ral, fubject to a degree of torpor; and he fays, the deeper 

the lethargy, the lefs of their fitbftance is lot.—Hifloirg: 

ées Poiffons, T. 1. Difcours, p. 132. 133.-—T. . 
(1) By him called Lerots. 
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loft, and becaufe the blood probably circulates 


in the larger veffels only. Such does this author . 


fuppofe the immediate caufe of torpidity in thefe 


four animals; and he extends it to marmots, and. 


all others fubje€t to torpor, as he is convinced 
their blood is cold (1) 

I could have wifhed that fo plaufible an hypo- 
thefis had been true; but I have never found it 
accord with facts. In the firft place, it is not 
the cafe that every animal becoming torpid has 
cold blood. Hedgehogs; marmots, and bats 
certainly are not fo. Haller, who has diffected 
feveral hedgehogs, fays pofitively, he has always 
found their blood warm. Lifter, Robinfon, and 
Lancifi afirm the fame (2). I moft fully affent 
to the opinion of thefe illuftrious phyfiologifts. 
The blood of three hedgehogs diflected by me 
was warm; fo have I found that of bats. M. 
de Buffon’s method was ufed to afcertain it. He 
introduced the ball of a fmall thermometer into 
the body of dormice by the mouth. He never 
faw the fluid rife: On the contrary, it funk 
fometimes one and fometimes two degrees; an 
evident fign that the blood was cold. But when- 
ever | Wee the the rmometer into the mouth 
of hedge-hogs and bats, the fluid rofe to 99°, and 
even TOR? ST kept eight or ten minutes, which 

demonttr ates 


(1) Hifoire Naturelle, Tom. 16. 17, 
(2) Phyl. Tom. 2. 


ee 
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demonttrates -the heat of both to be the fame as 
our own (1.) 

As it was not then in my power to have mar- 
mots at pleafure, I defired a much refpetted 
friend, who could eafily obtain them,to undertake 
fimilar experiments (2). He did fo; and the re- 
fult proved, that marmots are not cold blooded, 
as M. De Buffon had fuppofed, but are endowed 
with an internal principle of heat, equalling that 
of other animals. He was pofitively aflured of 
it, by keeping the thermometer in the axilla of 
two marmots. ‘The heat of one raifed it to go° 
in eight minutes, 20° above the temperature of 

TA | the 


(1) Hunter found the heat of a dormoufe 80° and 8 sep 
‘when the heat of the atmofphere was 50° or 60° ; when 
the animal was lively, gt° or 93°. A thermometer intro- 
duced within the body and applied to the pelvis rofe to 99°, - 
the atmofphere at 66°. The meufe being put an hour in 
an atmofphere of 13°, it rofe to 83°. 

In hedge-hogs, he obferves, Mr Jenner found the heat 
48°, when they were torpid or the atmofphere 44°, and 
the heat only 30° in an atmofphere of 26°. But expofed to 
this cold two days, the heat in the rectum was. 93°. So far 
from being torpid a hedge-hog was lively, and the bed on 
which it lay felt warm. Whence he concludes that ex- 
ceflive cold roufes the vital powers.—-Ob/2rvations on the Ani- 
mal Economy —TV. 

(2) Sig. Giannambrogio of Milan an able chemift, al- 
ready well known in the republic of letters, by a moft e- 


laborate 
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rhe atmofphere at the time; and in. fifteen mi. 
nutes, that.of the other raifed it to 93° (1). 


Some 


laborate and learned differtation on Fox-tail, (Covetta) 

and ammunition bread. ~ fT] 
(1) It will be obferved, that, in the courfe of this work, 

much is faid of cold and warm blooded animals, and fome 


important conclufions thence deduced. Notwithitanding 


all that has been written on animal heat, the caufe is un- 


doubtedly very obfcure. Experiments and reafoning have 
neither fufficiently coincided, nor been fo generally adopt- 
ed, as to entitle us to form pofitive opinions on the fub- 
ject, more efpecially when philofophers do not agree 
whether the living body has the property of producing 
heat or cold. 

Amphibia, reptiles, fifhes, infects and worms, are ge. 


nerally believed to have cold‘blood. However, there are 


experiments on all but the laft that feem to indicate a 


principle of internal heat independent of the atmofphere ; 


fo that the thermometer will afcend when removed from 


the open air into their bodies. Yet many naturalifts de- 


ny that they have any principle of heat; and think the 


temperature of their bodies muft always be exaétly the 


fame as that of the furrounding medium. But, in my 
opinion, fufficient accuracy in experiment has been ne- 
glected, and due attention has not been paid to the ftate 
of the medium where the animals previoufly were. A few 
experiments which I have made on the fubje@, even with 


thofe precautions, have been difcordant ; one thing how- 


a 


ever. 


ee 
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Some time afterwards I fucceeded in pt curing 
two marmots.——The experiments made on them 
completely correfponded: with thofe of my learned 
friend. . In the open air, the thermometer ftood 
at 66°; when introduced within the throat, it 
rofe to 102°;. therefore the fact, with refpect te 
all thefe animals, cannot be more decifive (1). 

How, in contradiction to the facts before us, 
which admit of no reply, can Buffon’s affertion 
fubfift, which is in exprefs terms—that he has 
found the blood of hedgehogs and bats cold? 
Without fuppofing his animals of a different 
fpecies from mine, and much lefs not to allow 

his 


ever is certain, namely, that all infects are not cold; and 
although the heat of one fingly is not fenfible, the heat of 
a number colleéted is very confiderable. I kept a ther- 
| ymometer in a bee hive; it fometimes ftood between go? 
and 98°. The height did not feem entirely regulated by 
the temperature of the atmofphere, for it has been 80° and 
go° inthe hive, while 55° and 51° in the fhade. When 
62° in the fhade, it has been aslow as 82° in thehive. A 
number of bees collected do not become torpid during 
winter. When the atmofphere was at 25°, which is cold 
weather in Scotland, I reverfed a hive, and introduced 
a thermometer among the bees, it immediately afcended 
to 71°, and’ would perhaps have rofe higher.—-T.’ 
‘®) I believe that the autkor afterwards made a feries 
of inveftigations concerning marmots, but I have not been 


able to procure the work.-T, 
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his experiments credit, there is an eafy method _ 
of conciliating the differences: It is, That the 
French naturalift has made his experiments in 
winter, when the animals are deprived. of fenfe 
and motion, and actually are not different from 
cold-blooded animals, becaufe inclemency of © 
the feafon has exhaufted every principle of heat. 
Experiment had taught me, as reafon itfelf would 
do, that neither bats nor hedgehogs become 
lethargic unlefs their internal heat is diminifhed. 
From the whole it is evident, that, notwith- 
ftanding M. De Buffen’s idea is ill founded, it is 
indubitable that refrigeration of the blood takes 
place in all animals experiencing lethargic fleep. 
Shall we hence conclude the lethargy an imme- 
diate confequence of this refrigeration? Let us 
confider the incipient torpor of an animal.—The : 
influence of cold begins: it adts not only on the 
exterior, but alfo internally. Application of 
the thermometer will not allow me to doubt it ; 
_and evinces, that the action of the cold is equally 
communicated to the fanguinous fluid and the 
folids. Yet I am left in doubt, whether torpi- 
‘dity proceeds from refrigeration of the blood, of — 
the folids, or of both. I try to analize the 
fact; and reflect whether there is any animal, 
among thofe becoming torpid, which, after pri- 
vation of its whole blood, will, for a confidera- 
ble time, preferve its original vivacity and vigour. 
Such 
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Such a one may perhaps afcertain the truth. If, 
after being deprived of the blood, this animal 
does not become torpid on expofure to cold, 
then the fole caufe of torpidity lies in the refti- 
geration of the. blood :* if torpor does enfue, we 
cannot recur to the refrigeration of the blood, 
but to that of the folids, or to the influence that 
~ eold has on them. An animal of this kind is not 
only poffible, but it exifts,—there are feveral, as, 
frogs, toads, tree frogs, and water newts. In 
my experiments I have obferved, that all the 
blood being difcharged from the opened heart or 
divided aorta, thefe animals {till leap for many 
hours, run, dive in water, and {wim to the top, 
retain a lively fenfe of fight and feeling; in a 
word, continue the exercife of every corporal 
function that they had before (1). I now repeated 
‘the experiments, and began with frogs. —Several 
very vivacious were buried in fnow ; part were 
untouched, and part of the number deprived of 
the blood, by endeavouring to evacuate it com- 
pletely from the heart and large veflels. In eight 
or ten minutes, fome were examined : the blood- 
ed and thofe entire were exaétly in the fame 
ftate, that is, half dead, and not attempting to 
efcape, though at liberty. In fifteen minutes, I 

| . drew 


(1) Thefe experiments are fpoken of in my work, Dg 
Fenomeni della Circolazione. 
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drew others from the fnow, fome entire, and 
others deprived of blood; they appeared motion- 
lefs, and as if frozen. All were replaced in the 
fnow, and ina few hours removed to a warm 
fituation. I attentively confidered what happen- 
ed. By degrees, the contracted ones ftretched, 
their eyes opened, they fhook themfelves, began 
to leap and efcapé: Being again configned to 
the fnow, and taken out after a certain interval, 
all exhibited the fame phenomena. There was not 
the fmalleft difference at whatever feafon the 
experiments were made. I found a remarkable 


correfpondence between tree frogs, toads, and 


‘water newts: the whole became lethargic in the 
fame manner, by the cold of fnow,—and returned 
to their former animation when removed from 
it. | 

The coincidence of thefe faéts obliges me to 
fay, that the failure of fenfe and motion does not 
arife from refrigeration of the blood, for it can- 


not take place where there is none, nor from the 


relaxed circulation of this fluid, but depends 
entirely on the folids, which, being powerfully 
attacked by < cold, are in.a condition very different 
from the natural ftate. What the new condi. 
tion is, may be difcovered from the phenomena 
of lethargic animals. They appear contracted, 
the mufcles have no longer their natural foftnefg 
and cts but become hard and withered, 

“Thus 
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Thus there is abfolute proof that the mufcular 
fibre acquires great rigidity, and it is fuch as muft 
materially prejudice its irritability: This is evident 
from the moft active ftimulants not occafioning 
the flighteft contraGtion or corrugation. ‘Irritability 
.ig commonly believed the origin and principle of 
life: when it is fo much injured in the animals 
‘of which we fpeak, it muft occafion that lethar- 

ogy, that fimilitude to death which is manifefted. 
If this is the real and immediate caufe of tor- 
por in thefe animals, I cannot fee any reafon why 
at fhould not extend to all others fubject to torpi- 
dity. Iti is impoflible, indeed, to deprive the warm 
blooded animals, liable to torpor, of what Buffon 
fuppofes the efficient means, for their nature does ° 
not admit of them living without blood. But their 
muf{cular rigidity, alfo, is certain ; and it renders 
them infenfible to every {timulus while in the le- 
thargic flumber. Ihave feen it in bats. I{prinkled : 
them with falt, bathed them with warm water, 
pricked them with needles, and laid open the pec- 
toral mufcle, methods moft powerful to excite ir- 
_ritability, but all were ineffectual, while they were 
opprefled by profound lethargy. The eleétric 
fpark, fo fit above all {timulants to awaken irrita- 
bility, was equally ineffeCtual. If the irritability 
of warm blooded animals is fufpended by means 
of cold the fame as that of the cold blooded, 
and if the ceffation of this power, as far as ap- 
, pears 


¢ 
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pears to me, is the only and immediate caufe of 
lethargic fleep in the latter; I do not fee why it 

may not alfo be extended to the former. 
The fame degree of cold does not occafion tor= 
pidity in all the animals fubje& to it. — Very lit- 
tle is neceflary for fome ; others require confidera- 
bly more ; and others an exceilive degree (1). 
What we defign temperate, which is fo mild to 
our fenfations, oceafions torpidity m dormice ; 
a little more affeéts bees, fnakes, vipers, and 
many {pecies of bats: What affects frogs, toads, 
newts, and others, approaches freezing, but this 
is far from operating on marmots, as they re- 
quire 11 degrees below freezing (2): The dif- 
ference 


(1) Reaumur Memoires fur les Infectes. 

(2) At different feafons, however, the fame cold feems 
to produce different effets. On the 18 of July, when 
the heat is generally between 60° and 70°, I cooled the 
water with fix Hydrachnae downto 38°. They all funk 
to the bottom, and remained completely torpid. In ge- 
neral, they yielded to 42° or 40°, except one, called, by 
Muller, a variety of the Papillator (but apparently con- 
ftituting a particular fpecies in Scotland), which refifted 
38° a long time, and then funk down along with the reft. 
All revived at a moderate heat. 

On the 5 of December, I took five hydrachnae from 
water at about 44°, and put them into water at 36°. 
They became more languid. ‘The thermometer gradual- 

ly 
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ference of cold required to occafion torpor, 
mutt arife from the different nature of the muf- 
eular fibre, which in fome animals is more fufs 
ceptible of it than in others. If the power of cold. 
is encreafed, torpor degenerates into death. 

The reafon affigned by phyfiologifts for the 
death of man and animals from cold, is certainly 
very plaufible. The contraction of the cutane- 
ous veflels forces a reflux of the blood to the in- 
ternal parts of the body ; whence. is occafioned 
the infenfibility and ftiffnefs of our fingers and 
the extreme palenefs of the body. Cold be- 
coming more intenfe, the internal and large velf- 
fels contract, and the reflux of blood is greater ; 
but thofe of the brain, being better defended by 
the cranium from the injuries of the air, are not 
fo liable to’contract. Blood flows copioufly in 

the 


ly fell to 32°; and a ecruft of ice, a quarter of an inch 
thick, formed on the top. Still the animals could move, 
though languidly, and a very faint motion was percep- 
tible in the legs of one. ‘Thus the water remained fome 
hours. In twenty hours after the experiment began, the 
thermometer ftood at 36°. None of the hydrachnae 
were torpid. 

Experiments were at the fame time made on feveral 
other aquatic animals. Squillae and gyrini did not be- 
come torpid at 32°. Perhaps this fubjeét deferves further 


confideration.—T. 
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the arteries, covered and ‘protected from the ata 


- jae 


mofphere, while the jugular veins being contraGts ~ 


ed, it is with difficulty returned to the heart. A 
fenfible relaxation in the circulation will enfue, 
which, encreafing as the intenfenefs of the cold 
advances, will end in reft, and the animal will 
die. 
Tn the’northern countries, it is not unufual that 
a coup de froid kills men on the fpot. The caufe 
has been fuppofed nearly the fame. The lungs, 
expofed to the immediate aétion of the cold air} 
are fuddenly contrated, and impede the paflage 
of the blood from the right to the left ventricle 
of the heart. Thus, according to thofe authors, 
death proceeds from obftructed circulation (1). 
Iam fully convinced this may be the real rea- 
fon why numberlefs animals die, that is, all thofe 
neceffitated to perifh when the circulation is {top- 
ped; but there are many that live, at leaft fome 
time, when the circulation of the fluids is fuft 
pended, or even when they are entirely taken 
away. The death of animals Y cold muft there- 
fore 


(1) According to the moft authentic accounts, when | 


men are expofed to intenfe cold, an irrefiltible defire to 
fleep enfues, which ends in death. Thus, it is not impro- 
bable that men may. be in a degree of torpor and revivgs 
—T, 
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fore be afcribed to fome other caufe than obftruct- 
ed circulation (1). . | 
ee) difcover the immediate caufe of death, I 

made obfervations on animals killed by cold fimi- 
‘Jar to thofe I had made-on animals becoming le- 
thargic at a fmall degree. The phenomena at- 
tending death are thefe. Rigidity of the mufcles 
gradually encreafes until the whole body hardens 
and freezes. Freezing firft appears at the ex- 
tremities, whence it extends to the centre. If 
taken to thaw in milder air, the parts acquire 
their former pliancy, but the animal will not re- 
vive. Its death is in confequence of having been 
- frozen, but we cannot fay it is from freezing of 
the blood : firft, from the reafons above given 5 
fecondly, becaufe feveral animals being expofed. 
to cold, fome deprived of blood, and others un- 
touched, all died in the fame time. Thus, death 
of this kind proceeds from the folids being frozen. 
At a certain degree of cold, the mutfcles grow Tie 
gid, and the irritable power is deftroyed ; thence 
proceeds their apparent death. Cold more intenfe 
freezes the mufcles; freezing deftroys the power 


Vou. |. G of 


(i) In my work De fonoineni della Circolazione, I have 
demonttrated, that many animals live a confiderable time 
after | privation of, the whole blood, alfo when circulation | 
is fufpended, by tying up the aorta. I have fince obferv- 


ed this in reptiles, as vipers, ferpents, eels, &c. 
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of irritability, and real death is thé confequence. 
The mufcular fibre is contracted by cold; the 
liquid, rendering it moift and pliant, is infpiflat- 
ed; but freezing vitiates the ule of this fluid, by 
sae it into fo many icicles, whofe fharp and 
cutting points lacerate the fineft and moft delicate 
parts of the- fibre. The mufeular fleth is then 
difcovered to be full of thefe icicles ; and, when 
one attempts to twift or bend it, fracture enfues, 
as of a friable fubftance. 


CHAP. VI. 


INFUSION ANIMALCULA EXPOSED TO VARIOUS ODOURS © 


AND LIQUORS; TO ELECTRICITY AND A VACUUM. 


Certain odours are to infects the moft viry- © 
lent poifon. Such has Reaumur found the oil | 


of turpentine, and the fumes of tobacco. The 


odour of camphor, according to Menghini, has 
the fame effect ; and its vapours are {till more © 


efficacious when burnt(1). In my inveftigation, 


I propofed to inftitute the greateit pofible num- y 
ber of comparifons between known animals and © 
thofe fo remarkable as the animalcula of infu- | 
ngs, the better to penetrate their origin, nature, — { 


and 
(¢) Commentar. Acad. Bonon. T. 3. 
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and properties, which induced me to refolve not 
tonegleé trying the effe& of odours upon them. 
I began with that of camphor: the refult was 
precifely the fame as has been obferved in infects. 
The vapours of this refin occafioned fudden agi- 
tation and difcompofure in the animalcula: they 
endeavoured to retreat from the malignant fumes, 
by retiring deep into the infufions. If the va- - 
pour was rare, they were long of dying ; but - 
when denfe, it immediately became fatal. The 
odour of the oil of turpentine killed them, but 
not fo foon as camphor. The fumes of tobacco 
were not fatal for fome hours: but thofe of ful- 
phur, inftantaneoulfly (1). 
The liquids ufed in my experiments were chiefly 
oleaginous, becaufe thefé are mortal to infects : 
they were no lefs fo to animalcula. I omit 
the fpirituous or corrofive, which killed them in 
a moment; as alfo falt water, vinegar, ink, 
brandy, and fpirit of wine. | 
We could hardly believe that Gepiat urine 
produces animalcula, alter ftanding a few days, 
as Hartfoeker has obferved, if the fame phenome- 
non was not daily obferved in vinegar, which is 
full of microfcopic eels, though a fluid equally 
defiructive to animalcula as urine. Repeating - 
G 2 the 


(1) Odours penetrate deep into water, but to a very 
different degree : Some will traverfe feveral inches, others 
not one. There are a few curious hpi on the fizb- 


4ect. Senebier Phyfiologie Vegetale. "Yom. 5. chap. 6.—T. 
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the experiment, 1 found it perfectly true. A 
dark cineritious pellicle covers the furface of 
urine that has been fome time at reft ; and here 
are the animalcula generated. T hey are of a 
roundifh figure, and in fize like animated 
points(1). The fame race of animalcula always 
continues in urine, kept feveral months ; but no 


new fpecies ever appears. One might fulpedct, | 
that they are produced after the urine has loft 


its acrid and corrofive principle : but, befides re- 


taining the chara¢teriftics of real urine, it is ftill - 


fatal to other animalcula ; nor do thofe of ftale 
arine die when put into that which is recent. 
Therefore this {pecies muft be effentially different 
from common infufion animalcula. 

It is well known, that the ele@tric fhock kills ani- 
mals ; and as they are {maller, fo are they more 
eafily killed. “A battery ten feet fquare with diffi- 
culty kills a cat or a dog (2); but very few feet is 
enough for a pigeon; lefs for a goldfinch or canary; 
and thus diminifhing as the animals are f{maller, 
It appeared that a fhock of moderate {trength 
would deftroy animalcula ; but not being poffeff- 
ed of an electrical machine, I availed myfelf of 


the affiftance of Sig. Pietro Mofcati, then my @ 


colleague in the royal univerfity of Pavia, who, 
in 
3 (1) Leeuwenhoeck thinks he faw animalcula in the re- 


cent urine of a mare, De ortu et defluvio capillorum,—T. 


(2) Prieftley. Hiftory of Electricity. 
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in addition to fkill in eleétrical experiments, had 
a machine of confiderable power. He was fo 
obliging as frequently to comply with my philo- 
fophical requeft, and fubject infufions full of ani- 
malcula to the electric fhock. They were invul- 
-nerable; and as lively after receiving the fhock 
as before ; nor was there any difference, though 
two, three, or more fparks were drawn from the 
infufions: The weaknefs of the fhock cannot be 
objected, as two or three killed a leech, newt, 
or fimilar fmall animal. 
I was accuftomed to communicate the refult 
bf my experiments to M: Bonnet before publifh- 
ing them, becaufe this illuftrious naturalift feem- 
ed to with to partake of my little difcoveries. 
Among the reft, I mentioned that which Dr Mof- 
cati had made. He anfwered, that he had fhown 
M. de Sauffure my letters, who had repeated our 
electrical experiments, but with oppofite effects, 
which he afcribes to the great humidity of the air 
of Lombardy preventing ele“tricity from being 
fo powerful as at Geneva. He adds, that M. de 
Sauffure would himfelf inform me of his refults, 
Which he did very foon ; and I tranfcribe them 
here, fuch as M. Bonnet fent to me, in the fol- 
Towing letter (1): ! 
G 3 cco My 
(1) M. Bonnet afterwards publifhed a colleéion of his 
Tetters to his learned correfpondents. I have collated all 
that are quoted here with thofe in that collefion, and 
corrected any errors or maccuracies.—T’, 
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© My Solitude, 15 February 1772. 

‘It was but lately, my celebrated friend, that 
‘M. de Sauflure tranfmitted me his experiments 
“on our animalcula. Certain of the pleafure - 
‘you will derive, 1 do-not delay a moment in 
‘fending, them. You. will-judge of my opinion | 
‘by your own; and.I have no doubt will be as 
‘well fatisfied. ‘This is a fubject equally new 
* and curious for the meditation.of philofophers ;. 
‘nor is it to be queftioned, that in future we fhall 
‘be able to diverfify and extend this new kind 
“of phyfico-electricity. Buta plan muft firft be 
“pointed out; and there is no fmall merit in 
‘opening up the unknown fources of truth, 


‘which experiment is.to accomphfh. I. can-— 


© not retard the pleafure you. will’have in M. de 
‘ Sauffure’s. letter. 


“¢ Geneva, 8 February 1772.. 

‘<T return, Sir, with a thoufand thanks, the- 

“¢ letters you had the goodnefs to fend. I have. 
“* perufed both with extreme fatisfaction, but re- 


“ oret that you tranfmitted my letter on the 


“* ¢tranfparency of germs to Sig. Spallanzani, for 


‘it is not worthy of that honour, and ftill lefs of | - 


“‘ your eulogium on it(1). Behold where you 
“‘ have conveyed that trifling epiftle; being in 
 your’s, it will alfo be publithed by Signior Spal- 


“¢ Janzani; 


(1) Vide M. Bonnet’s fecond letter at the end of this a 


Tra&. 


t 
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* Janzani, though I never thought it would have 
“ been printed, saniae it little deferves. 

‘«¢ At another time, I have told you, Sir, but it 
“ cannot be repeated too often, my extreme plea- 
« fure in perufing the beautiful feries of Signior 
Z Spallanzani’s experiments and obfervations. 
« He is fit for your friend and fellow labourer. 
‘With him are found that order, that analyfis, 
“¢ that juft and rigorous logic, of which your own 
‘¢ writitigs afford an example. 

‘You know that I alfo have been occupied 
‘ with infufion animalcula ; and you yourlelf 
<< have honoured me by inferting fome of my re- 
‘* fults in the republication of your Palingenefie. 
‘< It has pleafed me to obferve, that my experi- 
<¢ ments entirely coincide with Signior — 
“¢ zani’s obfervations. 

“] had attempted; as he did, to repeat 
& Mr Needham’s fingular experiment, which 
“ confifts im introducing the halves of corn 
“ pickles into flices of clay; that they might ger- 
«< minate at the furface of water. I alfo faw ani- 
‘“malcula originate as in common infufions; but 
_ “ neither difcovered thofe zoophytes, nor vege- 
“table roots producing animalcula, which Mr 
** Needham had feen rather with the eyes of an 
_ imagination heated by the love of theory, than: 
‘ with the calm fenfes of a philofopher. 

Gah sc 


— 
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‘* [had feen the minute round heads: which: 
<‘ terminate the filaments of mould burft when 
© moiftened, and difcharge a globular duft. I had. 
“* communicated it to Baron Haller, who fpeaks 
“< of it in the article Mucor, in the new edition 
“* of his hiftory of Swils Plants; but I had nei- 
“ ther witnefled nor fufpected the furprifing in-. 
<¢ deftrudtibility of this.duft, which Signior Spal. 
‘¢ Janzani juftly fuppofes the feed of the plant. 
‘¢ T had long endeavoured to kill mfufion ani-. 
* malcula by electricity, and. without better fuc-. — 
“‘cefs than Sig. Mofcati and Spallanzani; but ¢ 


a 
ON 


more exact obfervations have at laft given op- 
“* pofite refults. You may communicate them 
‘¢ to the latter if you think proper. 
 & Some drops of rice infufion, full.of animal-. J 
“ cula, were put on a glafs flider four mches. | 
“¢ long and one broad, with the rounded point. f 
“of a quill, and the drops drawn out fo as to 
“ form an uninterrupted line from one extremity. | 
‘¢ of the glafs to the other. When the flider was. 
applied to the machine, fo that the ele@tric. — 
“¢ fluid paffed continually, and without fhocks. — 
‘© and fparks, they moved about, and did every. : 
‘‘ thing as ufual. In general, I have obferved,, ~ 
“that fimple electricity, that is without fhocks. — 
“and fparks, never produced. the leaft effect ;, 
‘but, when the flider was fo difpofed that 
“*-{trong 


nN 
Pay 
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“ ftrong fpark fuddenly paffed from one end to 
«¢ the other, the whole were killed almoft inftan- 
“ taneoufly, and any that furvived died very 
‘foon. ‘The Leyden phial was not required; a 
“ fpark from the conductor, without any more 
“ apparatus, was fuihcient.. 

<¢ T was curious to learn what happened at the 
‘* moment of the fhock, and difpofed. my flider 
“fo as to obferve the animalcula. After a vio- 
“lent fhock, they were always in agitation, 
© Some were immediately reduced to granuli, a 
«mode of death to which you know thefe ani- 
“ mals are. very fubjeét: Polypi, which in the 
“manner of multiplication refemble them fo 
«« much, often perifh in the fame way. ‘The ani- 
« malcula remaining entire, revolved a few fe- 
“ conds in the liquid, then {topped at the bot- 
“ tom, and died on the fpot, without any change 
_ § of figure. 

‘© The fpark. is fatal, though they are in @ 
‘¢ oreater quantity of water. I filled a glafs tube 
“ two lines in diameter and four inches-long with 
“water full-of animalcula. Five or fix very 
“ ftrong fparks drawn through it killed them all. 
“* But the confequence was different, on taking 
“tubes four or five lines in diameter. The 
“ elegtric fluid, difperfed in fo great a- fpace, is 
* not of that denfity to celine the body at anin . 
* malcula. 


< One 


106 = ANIMALOULA OF INFUSIONS; iy 


é¢ 


es 


(<4 


&¢ 


é 


wn 


& 


nn 


é6 


GG 


Lay 


€ 


* 
an 


C 


“a 


&. 


6 


6 


n 


(19 


6é 


6¢ 


“¢ One fact has to me appeared moft fingus 


lar. You know, Sir, that the fparks, which 
we with to direét through a fubftance, often 
glide over the furface rather than penetrate it, 
even where the fubftance is very permeable by 
electricity. Matters may be fo arranged, that 
fuch a phenomenon will infallibly fucceed; and 
I have frequently prepared a bafon of water fo 
as the fparks would pafs over a furface a foot 
long without penetrating the water.. This I 
found to have the fame effe& on animalcula ag 
when the fparks pafled through the water it- 
felf, While my eye was applied to the microfz 
cope, the moment fuperficial {parks were 
drawn, I faw the whole animalcula in agita: 
tion; fome reduced to grains, and the reft im- 
mediately die. 

“« Do not imagine the poffibility of my being 
deceived, by fuppofing the fpark glided over 
the furface, when it in reality penetrated the 
water, fer the difference is too fenfible. ‘That 
which glides appears moft brilliant over thé 
whole furface; that which penetrates pafles 


without being feen. Perhaps you will fay one — 


portion of the electric fluid pafles within while 
the remainder pafles without. Doubtlefs this 
may be; was it fo, it feems that fuch a div? 
fion fhould weaken the {park ; - whereas it ap- 
“ pears more kniiiant and jonorous than ufual. 
“'Thefe 


ft. — ANIMALCULA OF INFUSIONS: bioy 


“ Thefe fuperficial fparks do not go deep: 
they have no effect on animalcula fwimminge 
“‘ five or fix lines from the furface: only few are. 
“killed, which .certainly are near the top when 
“< the {park pafles: the reft remain vivacious and 
“well. At this depth, a very ftrong fhock, fuch 
““ as is capable of melting an inch and a half of 
*¢ iron wire one twelfth of an inch 1 in rong Re 
“ has not the-leaft influence on them.” 


“< Thefe, Sir, are:the refults of my moft intereft. 


** ing experiments on-eleCtricity operating on ani- 
“malcula. Iwifh they may fatisfy you and Sig. 
“ Spallanzani, if communicated to him; or that 
* you will tell me what more I ought to do. Two 
“ circumftances fhould be mentioned; one that 
“the experiments were made on the infufion 
“ animalcula of wheat, hempfeed, and maize, 
- “andthe refult has always been uniform ; the 
“‘ other, that the animalcula were of the largeft 
* fize that infufions produce.” | 

M. de Sauffure’s experiments befides being in- 
genioufly conceived, and. happily executed, ap- 
pear decifive ; and they induced: me to fuppofe, 
fome unforefeen accident had oppofed Sig. Mofca- 
ti’s; and perhaps that the excéflive humidity of 
the air of Pavia, as the Genevefe profeffor had 


thought might be the caule, particularly as our | 


experiments were made in winter ; I wifhed to 
repeat them ina more favourable feafon, but 
| that 


1 
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that became impoffible, as Sig. Mofcati was foon 
afterwards ré-eftablifhed in Milan, his native place. 
However, in two years, having procured an ex- 
cellent machine, I repeated them myfelf; and the 
confequence could not correfpond more with M. 
de Sauflure’s refults. _ 7 

The animalcula were firft expoféd to the dif: 
charge of the Franklinian battery. Upon it was 
put a little fpot of pitch, with a very {mall hole 


through the centre, full of infufion; the fpark 


was drawn through this hole: Not one animal- 
eula of thoufands in the liquid furvived.the fhock 
a moment ; many were wounded and reduced by 
the éleétric-yapour, and many appeared untouch- 
ed. The fhock was diminifhed by ‘charging the 
battery lefs, but the effet was the fame. The 
quantity of liquid expofed to the fhock was. en- 
creafed, by drawing a right line on the fpot, two 
thirds of an inch long, and two lines broad, pro- 
- eeeding from the central hole. ‘Then the fhock 
was tranfmitted through the whole fluid: It was 
a real thunderbolt to the animalcula ; all immedi- 
ately died. Ifthe breadth of the line was en- 
creafed but not the length, a change enfued. So 
long as only two lines broad, none efcaped, but 
when more than that, the animalcula either were 
not injured or did not die for fome time. Thofe 
within the limits of two lines were ftunned, and 
continually revolved on themfelves ; the vertigin- 
ous 
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ous motion. diminifhed by degrees, and in a quar. 
ter of an hour entirely ceafed. Thofe not fo near 
as two lines’ furvived longer ; the activity and 
livelinefs of the moft diftant evinced they were not | 
effected by the electric fluid. If, inftead of en- 
creafing the breadth of the liquid more than two 
lines, it was produced from the centre of the 
fpot, fo as to reach the circumference, which 
made full five inches in length, the fhock e- 
qually killed the animalcula throughout the 
‘whole. Such were my experiments with Frank 
lin’s battery. 

Let us now fpeak of a fimple fpark drawn. 
from the conductor. Here I ufed the, fame fpot 
of pitch which was put on the condu€tor. The 
{park drawn through the central hole feemed 
more brilliant and fonorous. The central hole a- 
lone was filled with fluid, or a little channel was 
added of various dimenfions on the fpot. Every 
time the fpark was drawn through the hole, all 
the animalcula perifhed, but three or four were 
required to kill them in the little channel. 

Many fubftances are better conduétors of the 
eleCtric fluid than water ; and where the fhock 
was weak, I was unable to direct it through the | 
channel, efpecially if very long and narrow. 
But the fluid did penetrate and act upon it, as ap- 
peared from the crackling when the conducting 
rod was applied ; and this trifling eleCtricity was 

~ Sufficient 
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fufficient to kill animalcula, which I could not 
have believed. | 

- To learn whether the eleétricity diffipated. by 
metal points, fixed to conductors, would deftroy 
animalcula, I applied a drop of infufion to one, 
and found it to be fo only if the electric fluid 
paffed for fome time from the point. 

It was evident, in fhort, that every fhock, 
however feeble, was always fatal. But fimple 
electricity, that is which operates filently, had 
no effect, as M. de Sauflure alfo obferved. As 
to the kind of animalcula, I can freely affirm 
that experiment has been omitted’ on none of 
the va{ft variety, and een has been alike 
fatal to all. 

The perfect coincidence of my experiments 
with M. de Sauffure’s leads me to publifh them ; 
but the friendfhip I had always borne to Sig. 
Mofcati, impofed the duty of firft inquiring whe- 
ther he had repeated our experiments as he pro- 
mifed, when | communicated them to the Ge- 
nevefe naturalift. I tranfcribe his anfwer, as he 
feemed to wifh it fhouid be publifhed. It both 
proves that he kept his promife, and obtained 
new refults, which cannot but do great credit to 
truth. 

‘In your laft letter, you inquire whether I 
¢ have repeated the experiments which we made 
‘fome years ago on electrifying animalcula, 

| ‘ which 
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* which were then neither injured nor killed; 

¢ More than once they have been repeated, with 
: different and even oppofite refults, which I have 
‘ alfo difcovered did not arife from the weaknefs 
‘ of my machine, fince fulminating electricity is 
not neceflary to kill them, but to the method 
* employed. When we made the experiments, 
we ufed a little brafs cup; and, towards its cen- 
€ tre, endeavoured to direct the fhock of the jar 
€ where the cup was fixed. We never killed one 
animalcule by this method; nor was I more 
fuccefsful on repeating the experiment alone, at 
‘the moft favourable periods for electricity. But 
€ as you informed me that M. de Sauffure, whofe 
merit and accuracy in experiment I know and 
* highly efteem, had feen them die; and as it had 
‘ alfo appeared, that the ipark, inftead of com- 
‘ ing from the liquid with the animalcula, efcap- 
‘ ed from the circumference and fides of the vef- 
‘fel, I began to fufpect that, inftead of pafling 
‘ through the fluid and ftrniking the animalcula, 
it came dire€tly from the metallic cup to the 
‘conduétor, gliding over the furface of ‘the in- 
‘fufion. I therefore changed the plan. Ona 
‘ polifhed cryftal plate, well wiped, I put a little 
hollow piece of wax, and faftened two -brafs 
wires, with obtufe points, from two oppofite 
extremities near the furface; one communicat- 

ed within, and the other without, the jar. This 

} * apparatus 
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* apparatus was placed before a compound microf- 
'*cope, made by Cuff, which his Excellency 
“the Conte di Firmian had prefented to me. 
* The hollow was filled with liquid, containing 
* lively and vigorous animalcula; and I kept my 
* eye intent on them, while another perfon work- 
‘ed the machine: I fucceeded thus in killing 
© them with a fhock of no great ftrength, and 
© with a fmall jar. The animalcula fuffered e1- 
“ther by recetving the fhock or being in the vi- 
© cinity when it pafled; thofe at the bottom of 
“the hollow remaming alive. ‘One thing I re- 
“ collect to have particularly remarked, that the 
¢ animalcula ‘killed affumed a briftly appearance, 
‘like a microfcopic {ponge, and were more 
© opaque than the reft; from the fuperficial af- 
© perities occafioned by the fhock, they feemed 
* larger than when alive. I was in this manner 
* convinced of the truth of the experiment; and 
* being afterwards engaged in other matters, as 
<7 full am, thought no more of it. Excufe the 
‘ brevity of the recital and the drynefs of the fub- 


«jet; it does not arife from indifference to fuch © 


-* agreeable ftudies, but the neceffity which you 

¢ well know [am under of applying to fubjedis 

* jefs mterefting. I have the honour to be, with 

* the utmoft efteem and friendthip, your molt de- 

* voted, obliged fervant and friend, 

§ Milan, 6 ‘fan. 1774. Prerro Moscazi.’ 
I 
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Thave ftill to fpeak of animalcula included in a 
vacuum, which is the lait fubjet that I propofed 
to difcufs in this chapter.—The confequences were 

‘different according to the difference of fpecies; - 
a vacuum was very foon fatal to fome, and others 
lived in it vers long. Let us enter on detail. 

_ Several fmall glafs tubes, clofe at one end, 
were filled, with various infufions. ‘The tubes 
were very dmall, and the glafs extremely thin, fo 
that applying the magnifier 1 might fee what 
pafled within when appended to the infide of 
a receiver. Some open tubes, full of the fame 
infufions, were kept in referve for the neceflary 
comparifons. Sixteen days privation of air did 
not injure the animalcula; on the twentieth day, 
they began to die; and on the twenty-fourth, all 
were dead. ‘Thofe in the open air ftill furvived, 
otherwife one might fay the natural term of life 
was expired (1). | 

The experiments were repeateel on more infu- 
fions of a different kind. Of fome the animal- 
cula lived a month in vacuo, and even thirty-five 
days: thofe cf others died in fourteen, eleven, 
and eight days: and fome lived only two. The 
infufions mentioned in my Dillertation were fi- 

Vou. L. H | milar 
- (1) Nearly a century ago, Derham obferves, that he 

kept the animalcula of pepper water twenty-four hours 
alive in vacuo. Some naturalifts have erroneoufly cited 


this paflage, as if the animalcula lived a month. Pdhy/ien 
Fhealogy.—T. 
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milar to thefe; their animalcula died in about 


two days (1). 


The nature of certain animals is wonderful. - 


They continue their ordinary corporal functions 
in vacuo a confiderable time. Vipers and fnakes 
will creep, and leeches fwim in fluids. Some 
infects feed, and others perform, the work of ge- 
neration (2): Such is the nature of animalcula. 
In a vacuum, they preferve their wonted mo- 
tions, afcending or finking, darting to the furface 
of the infufion, and diving into its deeps, or driv- 
ing before them the floating particles on which 
they feed. I fhall afterwards fpeak of their fingu- 
lar modes of propagation ; and this alfo fucceeds 
for feveral days in vacuo. In procefs of time, 
and according to the {trength of the animalcula, 
motion relaxes and ends in death. It fometimes 


‘happens, but rarely, that, being taken from the 
receiver, and left expofed to the open air, they 


revive. . 
Thefe experiments have confirmed two obfer- 


vations in my Diflertation; the ufual fterility of 


infufions in vacuo; and their fertility when the 
air was only rarified. No animal or vegetable 


fubitance macerated in vacuo ever produced a 


fingle animalcule: the reverfe uniformly happen- 


ed, on leaving a portion of air in the receiver. | 
As much as keeps thirteen inches of mercury in 


equilibria 


(1) Capitolo, 10, (2) Sperienze del Cimento. 
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equilibrio is moft advantageous for them to origi- 
nate. 
Similar phenomena have occurred with the 
eggs of animals. Ihave repeatedly put thofe of 
terreftrial and’ aquatic infects in the receiver of 
an air-pump, but none were ever hatched, though 
they had all the requifites neceflary except air. 
From thefe and other analogous facts is de- 
duced the neceffity of air for the developement of 
every animated being. While the animal is con- 
centrated in the egg, it enjoys the beneficial in- 
fluence of air by an infinity of minute pores 
throughout the egg, which have not efcaped the 
motice of naturalifts: when liberated from it, or 
the involucrum by which it was concealed in the 
womb of the mother, it receives the benefit of 
the air by other more evident ways. An im- 
menfe number of animals refpire by the mouth, 
and many by apertures in the fides of the body, 
by the extremity of the abdomen, or by other 
parts. The breath enters the mouth of nume- 
rous channels at the furface, which condué the 
air by ramifications, into the interior of the body. 
The animalcula of infufions, notwithitanding 
their apparent fimplicity of ftru€ture, exhibit an 
organ which we are ftrongly induced to conceive 
is intended for refpiration. And in this cafe, they 
more than ever ftand in need of the aerial fluid, 
which is evident by depriving them of it. There 
Hi 2 are 
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are fome that die very foon after privation of air, 
others after a longer interval; and the length of 
it is according to the nature of the animalcula. 
A fparrow, a nightingale, and in general other 
birds, quickly die in vacuo, A lizard, a frog, or 
a reptile, remain fome time alive; infects, ufually 
much longer. As there are diftimCions among 


infufion animalcula, there is a difference in their 


ability to fupport a vacuum; and thofe that do 
fo longeft, feem of all animals, the moft capable 
_of living without air, at leaft we are unacquaint- 
ed with any fpecies that exift a month in that 
ftate, as we have feen fome animalcula. do. 


Though they can long fupport privation of air, 


they at laft fink under it and die, which is prov- 
ed by the animalcula living im the open air above 
two. months. -And this confirms the general 
rule, that all animals require air. 

I know there are inftances given of a 
which are faid to have lived without this element ; 
fuch as the famous {tories of frogs found alive in the 
middle of the hardeft fubitances, and living toads 
difcovered in the centre of ftones, or of entire 


trees, where not a particle of air could penetrate — 


into their hidden receffes(i). But I am alfa 
aware, that fuch hiftories are more the object of the 
admiration than belief of perfons who’ have made 
any progrels in experimental philolophy ; ; becaufe 


they ‘ 


(1) Melanges d’Hiftoire Naturelle, 


= fe 


Te. ANIMALCULA OF INFUSIONS.‘ = 127. 


they are not corroborated by that authenticity 
which is effential in a cafe fo {trange and para- 
doxical, more efpecially as the pulmonary {tructure 
manifefts that they are adapted for refpiration. 
Therefore, until facts are produced to the con- 
trary, more credible and better proved, we have | 
fufficient reafon to affert, there is no living ani- 
mal in nature, limiting ourfelves to thofe already 
known, that can exift without the benefit of 


air (1). 


H.3 : CHAP. 


(1) There are numerous accounts, unqueftionably very 
fingular, of animals found alive in folid maffes; and fe- 
veral intelligent and reputable perfons have gone fo far as 
to affirm that they have feen them. It is very difficult to 
conceive how an animal formed for breathing can hve 
deprived of air: but it feems little lefs difficult to reje@ the 
teftimony of the moft creditable meh. Every day, we dif- 
cover new fingularities, which would be abfolutely incre- 
dible without authentic information. ‘This is a fa& im 
which more than ufual evidence is required ; for without 
that, nays without ocular demonftration, we find it in- 
eomprehenfible. Yet I can never underitand why the toad 
is almoft always felected for thefe wonderful prefervations, 
and feldom any other animal. ‘There is an extract from a 
late Memoir on the fubje&t by Murhard, Philofophical Ma- 
Laine, VOL. Z— Ts 


118 ANIMALCULA: OF INFUSIONS. f, 


CHAP. Vill. 


SINGULAR MODE IN WHICH MANY SPECIES OF ANT-> 


MALCULA PROPAGATE. 


\ 


Te we obferve two animalcula united, the firft: 


idea which arifes is, that they are occupied in the 


work of generation; and we cannot avoid it,. 


though the animals exciting the idea are infinitely 


minute, becaufe uniform example proves this to be. 


the ufual. pofition of animals for propagating the 


fpecies. Hence the a€tual copulation of animal-: 


cula has been fuppofed from feeing them united. 
in pairs. Such is the opinion of Ellis, and the 


celebrated Father Beccaria, as. he informs me in. 


a letter, written many. years ago, concerning my. 


firft obfervations on infufion animalcula. The. 
whole is here tranfcribed, as it is particular on. 


this phenomenon, and alludes to other important 
points. 


Turin, vx September 1765. 


‘If your excellent experiments required any 
‘ fupport from the teltimony of another, I could 
‘ afford it: for, twelve years ago, when the Duke 


‘ of Savoy called me to fee Mr Needham’s ex- 
‘ periments on’microfcopic animals, I thought it 
; ae 
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‘my duty to prefent him a long treatife with this 
‘motto, Si parva licet componere magnis,—in 
‘ which I demonftrated, from analogy, the fallacy 
of the opinion advanced ; and then pointed out, 
‘ that it was not the confequence of experiment. 
¢ Befides, I employed moft of my leifure hours, 
‘ for two years, in experiments on what feemed 
-£ fo interefting a fubject ; and fucceeded in dif- 
‘ covering, 1. How infufions diffolved the fixed 
‘ falts of the fubftances, carrying them to the 
* edge and diffipating the volatile part, as is evi- 
* dent by the tafte and fmell, and leaving a gela- 
* tinous matter well adapted to colleét and feed 
‘animalcula; 2. That animalcula have a proper 
€ internal and fpontaneous motion, in addition to 
‘ the characteriftics of avoiding obftacles, chang- 
* ing their direction, and pafling above them ; alfo, 
* the two following, thus defcribed in my Treatife, 
“ Lucem refugiunt, paulo vividiorem, putrem ma 
* teriam appetunt, quafi ut vefcantur. A fingular 
‘fat, relative to the multiplication of animal- 
‘ cula, cannot have efcaped your penetration. I 
‘have’ often remarked, that at full fize they 
* feemed in copulation. Two animalcula are fre- 
‘ quently feen at the circumference of a drop of 
¢ putrid matter, one fupported by a particle or 
‘joined to it, or, to fpeak more certainly and 
¢ adhering to appearances, in contact with it, and 
© continually vibrating or ofcillating in the direc- 

H 4 * tion 
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‘tion of a ftraight line uniting the centres of the 

‘two bodies; and the ofcillation is particularly 

‘ manifefted by the motion of fome internal parts 

‘near the line’ of direction. But fome referve 

‘has probably mduced you,.as well as myfelf, 

‘to be filent concerning this moft fimple obfer- 
‘ vation.” 

In my anfwer to the polite ci learned let- 
ter of this celebrated philofopher, I had the hon- 
our to inform him, that I had feveral times feen. 
the phenomenon of two animalcula united, which ' 
was expretsly mentioned in my Journals,—and 
had even {ketched the figure ; but, to confefs the 
truth, although it did appear that this union ~ 
might be a real copulation, I could not refolve ; 
to advance it in my: Differtation from. the fear 
of being deceived. Animalcula are a part of the 
creation as yet little known to philofophers-; and 
it is eafy to be miftaken by- applying our ideas of 
large animals to them. ‘Thus was F induced to 
leave the matter in obfcurity ; and only defirous 
that fome more fortunate or more acute obferver 
would promote theinterefting fubject, on which 7 
my poor abilities had thrown any additional illuf-. 4 
tration. © Happily my wifhes-were not vain. My | 4 
obfervations came into the hands .of M. De Saufs | 
fure, who, among other phenomena, having. 4 
fallen on. this fuppofed copulation, made it the 
fubjet of long, nice, and minute difcufiien ; 


and. 
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and he at laft difeovered, that it was not the cé- 
-pulation of two animals, but one animal which 
multiplied by a divifion into two parts. His ob-. 
fervation was communicated to M. Bonnet, who ~ 
tranfmitted: it to me.. ‘ 
My Solitude, 27 ‘fanuary 1770. 
‘| have hazarded fome conjectures on infufion 
‘animalcula, and their mode of multiplication, 
‘in the firft volume of my Confiderations fur les 
“Corps Organisés, chapter 3.; and it is there 
«faid, ‘* Let us prefer conjectures founded on ob- 
“< fervation or experiment.—Let us compare thefe 
“ animalcula to polypi, and other infects, multi- 
“ plying by fections.—Let us fuppofe they pro- 
““ pagate by natural divifion, fimilar or analogous 
“to the clufter polypus ; or, by breaking-or {fe- 
‘‘ parating with extreme facility, like the frefh 
“ water anguillae, fpoken of in my Traite 
“ @ Infectologie, Obfervat. 21. part 2. By fuch 
‘¢ {uppofitions, we may explain the chief phena- 
‘mena prefented by animalcula—that fingular 
“< diminution of fize and encreafe of number.’’ 
‘1 do acknowledge, that I had no great hopes 
‘that thefe conjectures would one day be veri- 
© fied, nor was I very fanguine in their favour. 
¢ Animalcula are fo minute, . that it was not ealy — 
*to prefume the myftery of their reproduction 
* would beinveiled. But it.is now accomplifhed ; 
“and we owe it to a naturalift, who, although 


* experienced 


t 
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.* experienced in the rare and uncommon art of ~ 


* interrogating nature, is reftrained by modeity 
* from making his difcoveries known, left they 


, 
A 
» 
iF 


" 


iq 
ut 


« may not be fufliciently comprehended. A work — 


* containing excellent obfervations on the Petals 
‘ of Flowers, a fubjeQt but littke underftood, has 
“already fpread his name among the limited 


“number of his equals. It is evident } mean M. © 


‘ de Sauflure, who, at an age when men only: be- 
-* gin to think, already fills one of our philofophi- 
© cal chairs with credit. His affeChonate attach- 
‘ ment to me, which is merited but by a recipro- 
‘cal fenfation, would not permit him to let me 
‘ remain ignorant of his difcoveries concerning the 
© mode of animalcula propagating. Thefe are re- 
* lated at large in the following letter, which wel! 
* deferves the attention of obfervers (1). 


“< Geneva, 25 September 1769 

“¢ You have great reafon, Sir, to fuppofe, that 

*¢ animalcula of infufions may multiply by con- 
* tinual divifion and fubdivifion like polypi. You 
* ftate it only as a fufpicion; however, my ob: 
“ fervations, on many {pecies of thefe fingular ani< 
“mals, convince me that we may regard it as 2 
 faé. Animalcula of aroundith form, without 
| “ beak 


(1) This and M. de Sauffure’s letter are inferted in the 
republication of La Palingenefie. 
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“ beak or hook, divide tranverfely in two. A: 
“* contraction appears at the middle, which gra- 
“ dually increafes until the two parts are attach- 
«¢ ed only by a thread:: the animal, or rather two 
* animals, make violent efforts to complete the 
“ feparation ; and, after it is effected, feem ftun- 
“ned for fome feconds. ‘They afterwards begin. 
“ to traverfe the liquid as the entire animal did. 
“« You will eafily conceive, that, in the firlt 
“ movements of their new life, they are fmaller 
“< than the animal they compofed, each, in_reality,, 
“ is only one half, but it foon acquires the fize 
“ of the whole, and, in its turn, divides into 
€¢ animalcula that rapidly become equal to it. 
“Mr Needham has done me the honour te: 
“ commend this obfervation in his. notes on the 
* tranflation of Signor Spallanzani’s excellent 
‘¢ performance ; and.employsit in fupport of his 
‘¢ theory, which is, that the fmalleft animalcula of 
“ infufions, thofe that feem points before the moft 
“ powerful microfcopes, are produced bg continu- 
“ al.divifions and fubdivifions of the large {pecies.: 
“ Undoubtedly, in four years which have elapfed 
“ fince I communicated this obfervation, he muft 
“have forgot that 1 conftantly obferved the 
“ parts of the divided animalcula in a fhort time 
“became as large as the whole to which they 
-“had belonged. Therefore, in their propaga- 
“tion, we find the fame conftancy and unifor- 
** mity that is feen in the reft of nature. Per- 
“haps 
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‘haps I did not infift with Mr Needham on this 
“< peculiarity ; perhaps I did not inform him 
“that, to remove every poffibility of doubt, I 
© puta fingle animalcule in a drop of water; 
“‘ that it divided in two before my eyes; that — 
*¢ next morning thefe two had become five, and, 
“ during the day, fixty ; and on the third day 
‘¢ were fo numerous, that it was impoffible to 
‘¢ count them; and all, except thefe juft produc- 
‘¢ ed, of equal fize to the animalcule from which 
** they came. 

‘¢ When, for the firft time, you fee the animal 
“ dividing, you will think it the copulation 
“of two. I was completely deceived; and 
** thought, like Micromegas, that I had caught 
‘nature in the faét: nor was I undeceived 
“until one had, in the fpace of twenty mi- 7 
“nutes, fucceflively paffed through all the de- 7 
“ orees from the moft imperceptible contraction ' 
“¢ to full feparation (1). . ‘ 

«© What is moft remarkable in the inftin@ of 7 
- C ipins animals is, when they obferve or difcover ; 
} “two @ 

(1) Muller ingenuoufly acknowledges, that the firft q 
animalcula he had feen united feemed to him in copula- a 
tion: and this fedu@ive phenomenon may impofe on any © 
one; whence Father Beccaria’s innocent miftake was not © 
farprifing : and there is no doubt that he would have dif- 4 
covered the truth, if his refearches on electricity, which do : 
‘him fo much honour, had allowed him time to profecute q 
the obfervation. 
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two on the point of feparation, and exerting 
themfelves to attain it, they precipitate them- 
felves between them as if to affift in break- 
ing the connecting ligament. Nor can we 
view this act as only fortuitous, fince they are 
generally careful to avoid one another, and 
never {trike together whatever the rapidity of 
their courfe may be. } 

‘“* Another fpecies, found in hempfeed infu- 
fions, with a. beak or hook before, alfo multi- 
ply by divifion, but in a more fingular man- 
ner. When going to divide, the animalcule 
feeks a convenient place at the bottom of the 
infufion, commonly that femi-tran{parent kind 


of mucilage which forms in hemp infufions. 
After fearching and examining various places, 
it at laft fixes on one. The body, which is 


naturally long, contracts, the curved beak is 
retracted or concealed, and the animal af- 
fumes a fpherical form: it next infenfibly be- 
gins to revolve on itfelf, fo that the centre of 
motion is fixed, and the fphere never changes 
its place. ‘Lhe motion is performed with the 
moft perfect regularity, but the direction of 
rotation is conftantly changing, fo that the ro« 
tation may be firft from right to left, then 
from before, and next from left to right. And 
all thefe changes are imperceptibly performed, 
without the animalcule or rotatory machine 


ry changing 
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“¢ changing its place. At length the motion ac- 
*¢ celerates; and at the point where the {phere 
«¢ feemed motionlefs, two crofs divifions begin to 


“¢ be vifible, exaétly like the hufk of a chefnut a 
“‘ ready to burft. Ina little longer, the animal — 


‘¢ appears agitated, and making great exertions, 
<< and at laft divides into four, the fame as the 


“‘ producing animalcule, but fmaller. Thefe — 


** srow larger, and each divides into four, which, 
*¢ in their turn, increafe. I could fee no end to 
“the fubdivifions; the young always became 
*¢ equal to their parents, if we may ufe the word 
“¢ parent in this fingular mode of generation.” — 

M. Bonnet adds the following words: ‘In 
* the laft fpecies of animalcula 1s another analogy 
* with clufter polypi evident: We know that 
©‘ thefe create a little vortex in the water, which 
* precipitates the food towards their mouth. Our 
‘animalcula perform a fimilar operation, and 
* furely with the fame intent.’ 

In this new courfe of experiments, I have had 
the advantage of examining M. de Sauffure’s dif- 
covery, to verify and extend it, and find, that 
_ befides the fpecies he obferved, there are many 
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others which propagate by a natural divifion, but ; 


often in the moft fingular and unaccountable 


manner. We may begin with the fimpleft; and — 
firft with the tranfverfe divifion, being that 


mentioned by the Genevefe profeflor. It fuc- 
ceeds 
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ceeds both in fpherical and elliptical animalcula, 
and in fome other fpecies without either beak or 
hook. For the purpofe of correct obiervation, [ 
Holate an animalcule in a watch-glafs. If the 
weather is warm, traces of contra@tiou are vifible 
about the middle.of the two fides; it infenfibly 
advances; and the animalcule fomewhat refembleg 
a blown bladder tied tight acrofs. It ftill fwims 
about, darting its head among the particles of 
matter, if any are in the glafs. The contraction 
continues increafing ; andthe animalcule is at laft 
changed into two {pherules touching in one 
point, Plate 1. Fie. 1, ABC. Thefe connett- 
ed {pheres continue moving as the entire animal 
did, but they often ftop. The pofterior fpherule 
feems to be carried on by the weight of the ante. 
rior, and appears to have no {pontaneous motion 
of its own, but what is neceflary for feparation 
from its companion. This at length is done, and 
of one animalcula, two are formed. At firit, 
they are apparently unable to move; however, 
each foon refumes the velocity of the original 
whole. ‘The fpherules in time acquire the fize 
of the entire animal. 

Though all the fpecies dividing tranfverfely 
feparate into two equal halves, thefe parts are not 
uniformly fpherical, but more or lefs elliptic 
when very near divifion: Nor are the new ani- 


malcula always torpid and inaCtive, for they of- 
ten 
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ten retain the former velocity of the compofing 


whole. It particularly merits obfervation, that the 


_ fize of the two animals, while actually dividing, is 
fo much augmented, that each is almoft equal to 
the original, of which I have had undoubted evi- 
dence, by comparing each portion with one en- 
tire of the fame fize and fpecies as that divided. 
The animalcula from thefe divifions being alfo 
ifolated, fimilar young are continually produced 
by divifions and fubdivifions. 

_ Among thofe dividing tranfverfely are fome 
generations, (like the elliptic kind, pointed be- 


fore, fometimes originating in wheat infufions, — 


and rather large) whofe anterior part is provided 


with fhort fibrilli in conftant motion. The vor- j 
tex afcribed by M. De Sauffure to the fecond © 


{pecies of his animalcula, is certainly produced 
by this motion (1); but acute vifion and a pow- 
erful magnifier are neceflary to difcover the vor- 
tex and fibrili(2). Neither the vibration nor 

vortex 


~ (1) Muller difputes the correétnefs of this obfervation. 
Vortex, quem animalculum, cujus meminit, claris. Sauf- 


fure ex infufione cannabis, partitioni intentum ciet, non, — 
ati autumat iluftris Spallanzani, vibratione pilorum, cum | 
lis careat Kolpodeque generis fit, fed totius corporis agita- — 


toni debetur, Avimal. Infus. p. 246.—T. 
' (2) There are few microfcopic objects fo dificult to 
difcern accurately as the vibrating fibrilli of fome animal. 


sula. Their extreme minutenefs, their continual motion 


and 
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vortex is interrupted, during the divifion of the 
animalcule ; and both continue when it is finifh- 
ed. After denenbies the pofterior part acquires 
the filaments ; ; and; ina fhort time, alfo produces 
a vortex. 

“T have counted fourteen fpecies of animalcula 
tnultiplying in this manner: only two merit de- 
{cription: We fee a kind of circular animalcula, 
above the middle fize, in infufions of bearded 
wheat; From the circumference of the body 
arife a circle of minute protracted points fimilar 
to very flender cones, and in the quickeft mo. 
tion. This animalcule and its points are men- 
tioned in my Differtation; but for want of the 
necefiary obfervations, I was uncertain of what 
ufe they might be (1): Now, I do not think my- 
felf deceived in fuppofing that they ferve for. 
fwimming, as the fins and limbs of fo many other 
aquatic animals: This is deduced from two tea- 
- fons ; firft; becaufe the points are at reft while 
the animal is tranquil, from. “their, motion when 
it moves, and the acceler ated vibration when at 
its greateft velocity. Secondly, if,” by any acci- 
dent, the number of points is diminifhed, the ani- 

VeE TS ies I + mak 


and rernoval from the focus of the microfcope, render it 
@ nice and delicate matter to bring them diftingtly inte 
view. —T.. 


(1) Capitol. 2: 
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mal no longer moves, or does fo very flowly. 
Propagation. 1s operated by a tranfverfe divifion 
in two. ‘The feparation is flow, and attended 
with one fingularity, that, before being fully ac- 
complifhed, each portion is as large as the whole, 
and, in the place of divifion, has acquired points 
_fimilar to thofe of the old animal, but fhorter. 
The other fpecies, which muft not be overlook- 
ed, is found in an infufion of marfh-lentil, and 
is fometimes fo large as to be vifible without the 


microfcope. By filling a thin fided chryftal tube, 


and placing it in the fun, the animalcula are fo — 


confpicuous to: the obferver’s eye, that the fuc- 
ceflive divifions may be eafily feen. Other ellip- 
tic animalcula are obferved with the cantraction 
fcarcely begun, fome with. it far advanced, and 
others with it almoft completed.. The multipli- 
cation is fo abundant, that a fingle animalcule, 


at certain times at leaft, will, in a few days, people { 


a whole infufion. 

I have ftill to: fpeak of longitudinal divifion, 
for that is alfo a way in which animalcula propa- 
gate. . Thofe with the filament, already mention- 
ed, divide longitudinally ; but the eafier to un- 
underfiand how it is effected, we mutt firlt de- 
fcribe the animalcule. On prefenting a drop of 
infufion to the microfcope, animalcula are feen 
among the vegetable fragments, fome attached 
to particles of matter, and others wandering free- 
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ly about in the drop. The filament proceeds 
from the. pofterior part of the animal; and al- 
though its natural pofitiom is in a right line, it 
often contracts fuddenly into a fpiral whofe volu- 
tes approach fo near as to touch: in a moment 
they recede; the fpiral unfolds; and refumes the 
ftraight lime: While unfolding, or already ftretch- 
ed; if a gentle motion is given to the drop, the 
filament becomes a fpiral. If its extremity is 
fixed, any contraction towards the fpiral forces 
the animalcule rapidly to the fixed point ; when 
free, it approaches the animalcule. ‘This it fre- 
quently does, almoft periodically. It is of a 
pearl colour; and of extreme flendernefs, at 
leaft compared with the animalcule ; the length 
equals it, and is fometimes more. ‘The figure 
refembles an onion or bulb: to the extremity is 
attached the filament as the roots originate ; 
thence it was named the bulb-animalcule(1). A 
circular row of filaments proceed from around 
a hollow. -Thefe extremely flender fibrilh are 
in a conftant vibratory motion, which occafions 
a whirlpool in the fluid, abforbing the fmalleft 
adjacent particles, and fometimes very minute 
animalcula. As the bodies gradually approach, 
the motion becomes more rapid. Attending 

I 2 carefully 


(1) This is the Vorticella Hians of Muller. uimaf- 
eula Infuforia, p. 321—T. 
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carefully to the fibrillz, it'is not difficult to account 
for the operation. After the largeft fubftances 
enter the hole or hollow of the animalcule, they 
are rejected, but the fmalleft remain ; and there 
is every réafon to believe they penetrate the body 
by fome invifible channel. The intent of the — 
operation is in all likelihood for the animals nutri- 
ment and prefervation; the vibrating fibrillt 
caufe a vortex ; the vortex draws in the floating 
particles; and the animalcule felects either the 
moft delicate or what fuits it beft for food. 


Befides the periodical motions we have aferib- 


ed to the filaments, there are others peculiar to: 
the animalcule. Whenever the filament con- 
tracts, the animalcule alfo contraéts, fuddenly 
concealing the hole and fibres within its body,, 
and affumes the figure of a fpherule, D. pl 1. 
fig. 2: Ina few feconds, the filament is extend- 
ed, and the animalcule becomes like a pear, E 5. 
then its ordinary fhape outlined F, and finifhed 
G. The fibrill: and hole re-appear ; the vortices 
recommence when their motion begins, for there | 
is an entire ceflation while the animalcule remains 
contracted within itfelf. at) 

] firft faw thefe animalcula dividing in two in. 
an infufion of white kidney beans boiled two 


hours. The anterior part of one feemed lan- a 
guid, which induced. me to fufpect it was going’ 7 


to divide. ‘wo mifhapen animalcula, attachéd 
° by 
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by many points, appeared: each had its appro- 
priate fibrilli and confequent vortex. Befides the 
ufual contraction and extenfion, the animalcula 
were full of agitations and contorfions, and al- 
ways ieparating more from each other, chang- 
ing their mutual pofition, until the two holes and 
vortices became diametrically oppofite.—The {e- 
paration advanced ; and in half an hour from the 
firft obfervation, they were conneéted only by a 
point. The filament, which during the whole 
time of dividing periodically contraéted and ex- 
tended, was no longer common to both animal- 
cula, but belonged to one whofe only motion 
was vibrating the fibrilli, retracting them, and 
extending itfelf. On the contrary, the other ani- 
malcule was occupied with bending into different 
forms, in contorfions, and revolving on its own 
axis. At laft it feparated from its companion, 

began to {wim in the liquid, and very foon left 
the field of the microfcope. 

This obfervation was a rule for experiment on 
many more of the fame fpecies ; and ] uniformly 
obtained the fame refults by ifola ating them in 
watch-glaffes. A little cleft was feen at the an- 
terior part of the animalcule, dividing the hole 
afunder. The cleft encreafed; the vortex be- 
came double; and each portion ‘dlignda the rude 
figure of an animalcule. The feparation advan- 
ced; the fhape grew more perfect ; and divifion 

I 2 being 
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being almoft completed, they were tranfmuted 
into two entire and well formed animalcula; 
One remained attached to the filament, and, in 
a fhort time, became as large as the whole, and, 
by new divifions, gave birth to new animals. 


The other had no filament; it rapidly traverfed 


the fluid, contra€ted, extended, and an appen- 
daze foon budded from the pofterior part, which 
was the rudiments of the filament. With «this 
the animalcule fixed itfelf to fome furroundinge 
pitas : the filament lengthened, and the ani- 
matcule began to divide again. In fig. 3. » ay 
are the various degrees of divifion. — 

Thefe animalcula fometimes perifh when  ifo- 


“tated in diftilled water ; and the like may be faid 


of all that divide: however they often divide and 
jubdivide, itil their glafles are never ‘populous ; 
but the numbers encreafe exceedingly, if portions 


of vegetable matter are mixed with the diftilled 7 


water. Privation of food in the one cafe, and 
abundance in the other, is undoubtedly the caufe 
f this difference. 


Bulb animaicula not only inhabit boiled bint 


alfo unbojled infufions of kidney beans, and ma- 
ny other leoumes, as lentils, beans, and peafe. No- 
thing more is required for the convenient obfer- 


vation of their propagation than to macerate a _ 
few particles of feeds. In two or three days, if } 


the experiment is made in fummer, fome animal; 


cula — 
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cula are feen attached by the filament to minute 
fragments in the infufion ; and they will divide 
before the obferver. The number fixed by the 
filaments is proportioned to the number of divi- 
fions abput to take place. 

The fame legumes produce another. fpecies of — 
animalcula, aifo multiplying by longitudinal di- 
vifion, and prefenting phenomena fimilar except 
in two facts: fx/t, The fibrilli are not in the ca-. 
vity, but on its lips ; fecondly, The figure refem- 
bies a menopetalous flower. The body divides 
exactly in two. 

There is alfo a fpecies confiderably larger, 
which propagates by a little fragment detaching 
itfelf obliquely from the body. This animalcule 
is fometimes found in an infufion of beets. It is 
{pherical, and -has a filament which is not en- 
dowed with the fingular motions of the other 
two fpecies, nor is the body fubject to thofe mu- 
tations of figure. he multiplication begins with 
a {mall portion infenfibly detaching itfelf froma 
the body, near to the origin of the filament, and 
it is in continual motion, Plate 1. fig. 4. H. 
When feparated, it fwims atively through the 
fluid; and although fmaller than one-twelfth of 
the whole, it becomes equal to it in lefs than a 
day. Then it begins to propagate in the fame 
paanner. | 
: A 
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As I have repeatedly fpoke’ of ifolating ani 
malcula, or the method ufed of confining one in 


a watch-glafs, on pur pofe to ebferve the fuccef- 
five degrees of divifion, the reader will naturally. 


be earneft to learn the mode employed, much 
more fo if he is accuftomed to fuch matters, and 


knows the extreme difficulty of obtaining one. 


-alone in a drop of infufion, . however finall, 
Sauflure himfelf flates it as exceedingly dificult, 
and that by dint of patience he fucceeded in con- 
fining one in a drop of water; and I muft con- 


fels it was a great labour before I fell on a ready 


method. A drop of infufion is conveyed into a 
watch-glafs with the point of.a pen; it is of no 
confequence although abounding with animalcu- 


laz.a drop of water is put two or three lines 


from the firft, and they are made to communi- 
cate by a little channel formed by drawing out 
the circumference of the dr ops. The animalcula 
. are not flow in traverfing the channel, and arrive 


one after another i in the drop of water. Obferv-. 


ing this paflage with a magnifier, whenever I fee 
an animalcule enter the water, I cut off the com- 
munication with a hair pencil : thus imprifoning 
a fingle animalcule. If more than one are to be 


confined, it Is eafy to allow any number to enter | 


the drop. The infufion being then taken away, 


only one remains in the watch- Shalt: or more if I. 


choole it. 


/ 
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I. fhall here fpeak of an objection ftarted by 
Mr Ellis, lefs becaufe it merits refutation than 
becaufe it fhould not be entirely overlooked. His 
opinion is, that the divifion of animalcula is not 
a natural mode of propagation, but the effect of 
accident, and that it is occafioned by accidental 
dhocks,, from ftriking againft each otuer. This 
opinion he deduces from two reafons; firft, from 
the proportion of animalcula dividing to, thofe 

that do not, which is icarcely as one to fifty ; 
| and, fecondly, from obferving young in the body * 
of adults, and within the young fome ftill young- 
er (1). : 
_ It was unfortunate that M. de Sauffure’s difz 
covery had not been publifhed when this learns 
ed naturalift compofed his Memoir. Had he feen 
his obfervations, and what has fince been obferved 
by me, it isno arrogance to affirm, that he would 
have deeply penetrated into experimental refearch 
on infufion animalcula. He would alfo have 
perceived that the fhocks and ftriking together 
are pertectly imaginary. In the end of my Dif- 
fertation, their anxiety to avoid one another, and 
different obftacles, are mentioned in exprefs terms. 
‘The like is remarked by two excellent naturalifts, 
Wather Beccaria and M. de Sauffure ; and, in my 
new enquiries, I have had opportunities of feeing 
the fact confirmed a thoufand times. Therefore, 
it 
(1) Philofophical Tranfastions. 
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it is falfe that the divifion of animalcula is the. 
effect of mutual fhocks: and if that fpecies, 
which the Genevefe naturalift mentions, feems to. 
prove the reality of the fhocks, it is not at the 
beginning, or when farther advanced, but when 
the divifion is almoft at an end, and then only, 
that any fhocks are given by the companion ani- 
malcula, and when the dividing ones are exert- 
ing themlelves to feparate. Befides, their inftinct 
to aflift in feparating appears peculiar to this fpe- 
cies. Ihave never witnefled any thing fimilar in 
the numerous kinds examined. But the experi- 
mentum crucis again{t Ellis’s objection is, that ani- 
malcula, ifolated in glafles, multiply by divifion 
as the reft, though they can experience no fhocks 
from others. | 

Had my refpectable colleague continued to 
ftudy animalcula, he would have perceived the 
infufficiency of the proportions he has given from. 
the immenfe numbers in actual divifion. Fre. 
quently among innumerable multitudes traver- 
fing an infufion, there has hardly been one that 


did not exhibit figns of divifion. But I can © 


comprehend what has mifled Ellis. By can- 
ftant obfervation, I find that this mode of multi. 
plication has determinate periods ; at one time, 
it cannot be more general; at another, it is 
rarer; and now it is not to be feen at all. Ap- 
parently, his obfervations were made when the 

propa- 
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propagation was about to end; thence was a pro- 
portion affumed which he fuppofes general. 1 
cannot think myfelf deceived in conceiving this 
has mifled the author, as he mentions having dif- 
covered the young and their deicendants in the 
bodies of the old animalcula. Many of thefe 
animals appear to be tran{parent folliculi, with 
veficles or grains internaily {trewed here and 
there, very often including others {maller. The 
firft time of obferving animalcula, we are ea- 
fily perfuaded that thele veficles or granuli are 
young. Many perfons prefent at my obfervations 
were of this opinion ; .and I cannot deny that I 
was of the number. But in truth they are not 
animals, which I can affirm from the moft cer- 
tain and indubitable proofs. Several animalcula 
were ifolated in a watch-glafs; and that they 
might be all in the field of the microfcope after 
the number had increafed, a little water was al- 
ways left in the glafs. ‘Thus fome individuals 
might be feleted and recogniled. ‘The granuli 
themfelves aided me to this, becaufe they are 
feldom or never in the fame pofition in one ani- 
malcula as in another: fo it was eafy to obferve 
whether they actually underwent any change. 
But the number never diminifhed ; they remain- 
ed invariably the fame during the whole period 
ef my examination; and at laft had increafed 
amazingly. ‘Thus the granuli have no part in 

the 
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the propagation; and we muft admit that they 
are intended for fome other ufe, though to us un- 
known. The whole fubftance of the arm polypi, 
which multiply by divifion, is alfo granulated ; 
and M. Trembley has demonftrated, that thefe 
grains have no {hare in the multiplication. 

In the extenfive empire of animalcula, natu- 
ralifts are acquainted with one {pecies only, as 
far as I know, which multiplies in the manner 
Ellis defcribes. This is the celebrated volvon, 


apparently fo named from revolving on itfelf in 


its progreflive motion, firft difcovered by Leeuwen- 
hoeck, and then found by other naturalifts. From 
the great tranfparency, like moft animalcula, the 
mternal itructure is clearly feen; and fome obfer- 
vers have already difcovered the young within 
even to the fifth generation. In my long obfer- 
vations on infufions, I have found two particu- 


larly abounding with the volvox, hempfeed and . — 


tremella. There are often many in the putrid 
water of dunghills. Thefe animals are originally 
very Imail, but grow fo large as to be percepti- 
ble by the naked eye. They are of a greenith 


yellow colour, a globular fhape, of a very tranf- _ 


parent membranaceous fubftance, and ftrewed 
with the moft minute globules within. Three 
volvoxes of different fizes are reprefented, Plate 
a. fig. 5. Examined with a very powerful mag- 


nifier, thefe globules are difcovered to be fo 


many 
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many volvoxes infinitely more minute; and each 
provided with its diaphanous membrane. I have 
been able-to difcern the third generation, but 
never the other two, though I had recourfe to 
magnifiers of the higheft power. Perhaps it was 
_ Rot my fortune to recognize them, or they were 
not vifible in the volvoxes examined, from a dif. 
ference in the fpecies and fize between them and 

thofe obferved by other naturalifts (1). T38 a— 

doubted that globules within globules are fo 

many generations included within each other ; 

for when my volvoxes had attained a certain ma- 

turity, the fmaller globult began to move within 

the membrane, detached themfelves from it, left 

the mother, and fwam in the infufion, reyolving 

on their axis, and in this manner paffing along 

according to the mode peculiar to thefe animals. 

When all had come, forth, the’ ‘common mem- 

brane, or mother, burit, ‘and diffolved; and hav- 

ing loft all motion, I loft’ fight of j it ‘alfo. In the 

meantime, the new volvoxes increafed, as the in- 

cluded globules ; like ewife “did : * thefe’ began to 

move, the common ‘membiane burft, and they 

fwam about in the’ infufion’ like the former. By 

, | om ifolation 


‘ 


(1) Muller, who defcribes feveral fpecies, has feen only 
the young and its offspring in the body of the mother, 
and that butin a ings {pecies which he.calls volvox plo 


bator. 
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ifolation in glaffes, I came to have the thirteenth 
generation in fucceflion. 
Here I muft be allowed to make a dooilian 


One of the ftrongeft objections to the theory of — 


germs, is the great difhculty of conceiving the 
fucceffive envelopement of animals in animals, 
and plants in plants. It has been attempted to 


obviate this objection; by ftating,; that it is moré 


adapted to ftartle the imagination than to confound 
 reafon, which admits of the infinite divifibility ot 
matter, and examples favourable to envelope- 


ment have been adduced to weaken it. One egg 


has oftener than once been found within another; 
and fome offeous parts of one foetus included in 
another foetus(1). The butterfly is firft includ- 
ed in the fhell of the chryfalis, and the chryfalis 
in the fkin of the caterpillar. In vegetable feeds 
are found the rudiments of the future plant; and 
the fourth generation has been feen in a hyacinth 
root (2). The volvox affords a new and beau- 
tiful inftance of envelopement; the eye has been 
able to fee the thirteenth generation: probably 
that is not the laft. I cannot {peak otherwife, fince 
nothing but time was wanting to inveftigate whe- 
ther further developement would appear. But 
the naturalift is invited to extend this moft im- 


portant obfervation. 


(1) Hifoire de L’Acad. Roy. 1742, 1746. 
(2) Bonnet, Corps Organifes, tom. 1. 
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Baker, in his Treatife The Microfcope made Eafy,. 
{peaking of the minute and innumerable creatures 
inhabiting waters, mentions a race of animalcula 
difcovered by Leeuwenhoeck in the marth lentil, 
remarkable for a long tail, with which it attaches 
itfelf to the roots of the plant, and a hollow like 
a bell in the anterior -part of the body ; it is alfo 
characterized by a fpontaneous motion, contra@. 
ing and extending the body and tail at pleafure. 

Thefe fingularities, fo analogous.to thofe of my 
bulb animalcula, excited the defire, of feeking for 
what was to mea new kind of animal, to learn, 
whether its multiplication was by natural, divifion.a 
But as it often happens, the more one fecks a 
thing the lefs does he find it; and when, leafy 
thinking of it he difcovers it, or rather it feems to; 
find him ; fo was it with Leeuwenhoeck’s animal- 
cula. When I gave myfelf much trouble and folici- 
tude I never was able to difcover them ; and they. 
at length appeared when I was occupied in matters 
entirely different. Intently confidering fome tad. 
poles about the roots of marth lentils, which had. 
been put into a vafe of water -to feed them, and 
the direct rays of the fun falling on the water, I 
faw the roots very diftin@ly, and diftinguithed, 
one from the reft by a light {pot of fhining white, 
furrounding it about the middle of the length. 
This peculiarity did not make the fmalleft. im. 


preffion 
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preflion on my mind at firft, but it was foon evi- 
dent that it difappeared in a few feconds, and in 
a little appeared again, which feeined to’ be perio= 
dical. While the tint was vifible, I gently took 
away the radicle; it fuddenly vanifhed; but, the 
fhock having abated, unexpectedly re-appeared. 
The fingularity of the phenomenon recalled to 
my memory the animalcula of the marth lentil. 
Examining the fpot more narrowly, 1 faw, with 
extreme pleafure, it was a group of more than 
fifty tails of the animalcula, the extremity of 
which was fixed to a lentil roots  Thefe ani- 
malcula refembled the bulb fpecies, not only in 


extenfion and contraction of the body and tail; —_ 


but in generating a vortex and directing the float- 


ing particles into the hollow or bell, by means of 


a circle of filaments or points, proceeding from 
the edge of the bell, Pl. 1. fig. 6. As this {pe- 
cies is much larger than the bulb animalcula, fo 
are the points and vortex proportionally larger. 
If the bell was wide open, which happened when 
the animal was extended, it feemed to terminate 
in the body by a little central hole, 1. I tranf 


ported this family of animalcula with the lentil — 


reot intoa watch-glafs, for more convenient ex- 
amination. ‘They remained feveral days with- 
out appearing to multiply. At length all perifh- 
ed; the animalcula were untwined ; motion ceaf= 

ing, 
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‘ing, the filaments ceafed to move, and then the 
tails (1). | 

It may well-be fuppofed, that fimilar groupes 
were eagerly fought on the fame plants; but in 
vain. However in fix days, 1 had the fatisfaGion 
to fee a new fpot ‘formed on-one of the roots, ¥ 
fay formed, for it certainly was not there before ; 
‘as it was much ‘larger, the animalcula were more 
numerous. ‘They and their tails performed the 
‘wonted reciprocal extenfions and contraCtions 
even when untouched, and the water at perfeé 
reft; thefe motions diminifhed or augmented the 
fpot. The whole could not be brought into the 
field of the microfcope from their prodigious 
number, I therefore ‘took away a confiderable 
part, and, excluding a ‘large half, relerved a por- 
‘tion for examination, adapted tothe capacity of 
the inftrument. New fingularities occurred. The 
‘portion reprefented a tree in miniature; number- 
efs ‘branches, .dividing into fmaller ones, pro- 
_sceeded from the trunk; thefe into others fuccef- 
‘fively lefs'; and ‘each of the fmailef “bore a bell 
‘animalcule at the extremity. No fcene could be 
qnore uncommon or more agreeable.. Every three 
or four feconds the trunk unexpecteily contrac- 
aed towards the lentil root, and inftantaneoufly 
w Vor. I. K drew 


(1) Muller calls this the VorticeHa Convallaria. Animal. 


Anful, p 315.—T. 
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drew in all the branches, twigs, and animalcula, 
but in a moment reftored the tree complete, with 
all its animals, to the original ftate. ‘Lhe reader 
will eafily comprehend, that a vegetable is not 
meant under the appellation tree, becaufe it is 
evident from itfelf, that it ig an entire animal, 
which cannot be better figured than by the re- 
prefentation of a tree. As each animalcule formed 
its own vortex, and there being above an hun- 
dred, the appearance of fo many whirlpools at 
once prefented @ moft fingular and interefting 
fpeétacle, efpecially when highly magnified by 
the folar microfcope. 

I detached the fhrub from the lentil root, Be 
cutting through the trunk, The {cene changed, 
but to one equally pleafing. The animals, 
branches, and twigs, no longer approached the 
item, but the ro twigs, and branches were 
fuddenly carried away by the animals; and at 
this inftant all the whirlpools difappeared. Amidft 
thefe alternatives, the animalcula, no longer fixed 
to the root by their trunk, fwam flowly through 
the fluid, drawing along the plant and its branch- 
es; and, while this common motion continued, 
the various parts of the plant alternately ap- 
proached and receded from the animalcula (1). 


_ Having 


( ) Icannot affirm that I perfedly comprehend the 


Author’ s defcription. —T. 
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. Having left the plant thus in the glafs, I] ex- 
amined.it next day; all was in the fame {tate, 
-except that inftead of one animalcule as ‘before, 
proceeding from the extremity of each branch, 
there were two, Plate a. fig. 7. K. And thofe 
*yet fingle were marked with a very fine furrow, 
L. The novelty attracted my attention; and it 
‘was foon perceptible that the furrow indicated 
can incipient divifion; each in: a fhort time be- 
came double. Then ‘I began to underftand how 
fo many animalcula appeared double on one pe- 
dicle; it was a propagation from divifion. I can- 
not fay whether the origin of the branches, to 
which they are attached, feparate in the fame 
manner; my obfervations on that fubject have 
mot been fufficient; byt the animalcula were in 
pairs, and thofe at firft almoft in contaét, in 
half a.day, were far afunder, and had attained 
their complete fize, K. L. fig. 7. plate i. Fur- 
- ther, I can affirm, that from each old branch two 
mew ones budded; and the reproduced animals 
were implanted-on their fummit, K. Thefe at- 
tained the neceflary fize, divided. as the parent, 
and remained to ‘terminate new branches or 
twigs; whence the multiplication of branches 
§was In proportion to that of animalcula, and both 
continued multiplying many days (1). 

K 2 Dunng 


(1) Muller feems to confider this a diftin@ fpecies from 
the former, and names it Vorticella Pyraria. he def- 


nition 
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- During this the branches of the fhrub had fo 
much extended, and become enlarged, that the 
circumference was triple. But the fupervening 
death of the animalcula occafioned that of the 
plant: They began to fall from the branches as 
fruit falls from the tree; and as they gradually 
feparated, the motive faculty was deftroyed. Spon- 
taneous extenfion and contraction were no longer 


feen, the vibration of the fibrilli at the mouth of 


the bell, nor the confequent vortex. Every fien 
of animation was gone; each animalcule became 
mifhapen, and was deftroyed. The tree lived 
while it had animalcula; after that it neither liv. 
ed nor vegetated; there was not the leaft indica- 
tion of {pontaneous motion. Such was the fate 
of half the {pot which I had taken from the 
marfh lentil root and put in a watch-glafs. 

{ could now fee the generation of thefe animal 
Shrubs. Although the animalcula often died 
where they were produced and vegetated, that is, 

at 


nition is, Vorticella compofita inyerfe conica pedunculo 


ramofo.. The other is defined; Vorticella fimplex cam- 


panulata pedunculo retortili. It is not in my power to 


decide whether they are really different or not. The de- 
feription of all thefe complicated animals will be much 
better underftood by confulting the figures in Muller’ 8 
work, Plate 44. 45 46.—T, 
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at the extremities of the branches, it was not un- 
common to obferve fome fwimming in the water, 
but always adhering to the limb or branch, fince 
we thus term it; Hf the branch accidentally touch 
a lentil root, it immediately faftens, and gives ex- 
iftence to a tree bearing as many bell animalcula 
as there are branches to fupport them. The ani- 
mal attached to the root foon divides in two, 
then into four, eight, fixteen, thirty-two: While 
thefe divifions or propagations are going on, the 
origin and multiplication of branches and twigs, 
bearing animalcula at the extremities, alfo ad- 
vance; and all the branches and twigs are im- 
mediately or mediately connected with the ftem 
fixed to the lentil root, already much thicker 
and longer; which ftem, properly fpeaking, is 
precifely the trunk of the microfeopic tree. Here 
I fhall remark, in paffing, that the animals, be- 
fides fixing and propagating on the marfh lentil, 
alfo breed on other fubftances, as fragments of 
wood, ftraws, leaves of grafs, and even on the 
fides of the veffels, provided they always remain 

in water. | 
This {pecies, whofe mode of reproduGtion 
Leeuwenhoeck could never divine, and was un- 
known to Baker, is a polypus much analogous to 
M. 'T'rembley’s polype a maf. The refemblance 
is evident from that eminent naturalift’s defcrip- 
tion of the {pecies which M. Bonnet calls po/yses @ 
AK 3 pennaches, 
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pennaches, (polipia fiocco). Befides, being clufter«: 


ed together like the fungi of rivulets, bellthaped, 
and producing a vortex, which draws particles to: 
the mouth of the animalcule for- food, and multi- 


plying by.a longitudinal: divifion, they are alfo at- 


tached to little twigs; thefe to larger, and the: 
larger to the common {tem ; and all the various: 
branches, as well: as the ftem, animated by. a: 


moft remarkable motion of contraétion and ex- 


tenfion. Still they. are different from M. Trem-: 


bley’s, for his produce a vortex, not by points,. — 


ef which they are deititute,. but. by moving the: 
lips of the bell ;. and, before divifion, by lofing: 
the bell fhape and affuming that of a roundifh: 
corpufculum :. nor are they endowed with that: 
contraGtion and confequent elongation: they di« 
vide into unequal parts, and the vortex ceafes: 
during divifion :. finally, the contraction and ex~ 
tenfion of the branches is not natural and perio-- 
dical, as in our animalcula, but the effect of con- 


ftraint or accident, when the water is moved. 


_ All the longitudinal divifions yet fpoken of: 
have commenced at the anterior part of the ani- 
malcule, that is the part before when it advances,. 
and where the opening of a mouth may in many. | 
be perceived. But. the divifion of other animal. 
cula begins at the part exactly oppofite, or be~ 
hind. My obiervations here were too late, and. 


when 


Sj 
# 
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when I had no draughtfman to defign them, 
theréfore I muaft content myfelf with a fimple 
defcription. One fpecies reprefents an infinitely 
minute hedgehog, or tather fea hedgehog, being 
of a fpherical figure; and the whole furface cos 
vered with long pointed prickles. The anterior 
part is diftinguifhed by advancing firft, and pro- 
ducing the ufual vortex, by vibrating the {pines : 
the reft are in conftant agitation when the animal 
advances. Another fpecies refembles the fegment 
of a {phere or a hemifphere, and is entirely co- 
vered with fpines: thofe on the convex part 
ferve for fins: others, appropriated to form the 
vortex, are fituated on the fection or plane of the 
hemifphere, which is always the anterior part of 
the animal, All are difunited ; and their fepara- 
tion feemed to fmooth the animal’s body, which 
can move dny number of fpines at a times Ac» 
cording to the number in motion, its activity, 
flownefs, and even the vortex is greater. Theie 
two fpecies which commonly inhabit the tremella, 
and are of a coloffal fize compared with many 
other infufion animalcula, divide longitudinally, 
but the divifion begins at the pofterior part. A 
very faint cleft was feen there as ufual, which 
extended more on the animal’s body, and at 
length divided it into two portions exactly equal. 
‘They were not, as eafily might be imagined, two 
halves only, but, before the divifion finifhed, two 
K 4 complete 
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complete animalcula equalling the fize of the 
whole. The vortex, never difcontinues during 
divifion:. minute {pines proceed: from the cleft as 
it gradually. advances, which, encreafing in length 
and thicknefs, in fome time areas large as the 


old... Two well formed hedgehogs.are produced. 


by divifion of the firft fpecies; and two hemi- 
{pheres armed with {pines by that of the fecond. 
A. confiderable. period. is required. for completing 
the feparation.. | 
‘Thefe being the moft: fingular modes of longi- 
tudinal divifion,-[ have thought it of confequence 
to enter on fome. detail.. Many fimilar propaga- 
tions lefs worthy of recital are omitted ;- and 1 


prepare to relate new methods of multiplication. 


by divifion of the body into parts.. A fingularity 
is very frequently to. be feen in an infufion of 
tremella.. ‘Pwo minute pellets, attached together 


by. many. continued: points, traverfe the fluid in_ 


an irregular. courfe, Pl..1. fig..8.M.. We can- 
not be miftaken if we fuppofe.this an animal pre- 
paring to divide: in fact it is fo; but-one would 
be egregiouily deceived if he formed an opinion 
of what was to happen here. Judging. by other 


animalcula, we fhould imagine-it had hardly be- 


‘gun, and. that the cleft would encreafe till the 


animalcula remained attached, only. by a point.. 


It is otherwife; for in the twinkling of an eye, 
one pellet feparates from. the other in fpite of the 
apparent: 
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apparent {trong adhefion. Each having attained 
the full fize, a faint contraction appears, which 
is the origin of two pellets fimilar to the firft, 
that in their turn feparate. ‘Thus do the animals 

propagate (1). | : 
Groupes of different oes remorse are. me 
feen in infufions of vegetable fubftanees. Some- 
times the group confifts of four diftin& .cor-. 
pufcles ; fometimes of five or more: and the cor- 
pufcles.are commonly different, according to the 
difference of the groupes, Fig..8. N. plea. It 
cannot be denied thefe groupes are real infufion 
animalcula: they poflefs. every characteriftic ; but 
how are they reproduced? One corpufcle is des 
tached after another from the clufter, which is at 
laft divided into as: many portions as there were 
compofing animalcula; and thefe begin to tras 
verfe the infufion with much. greater velocity 
than the refpective groupes to which they belong: 
ed. It might be objected, that I am ftating con. 
tradictions, and that the groupes are perhaps the 
eafual or intentional cluftering of animalcula, 
which. feparate in a given time, and thus occa: 
fion thefe apparent divifions.. | had recourfe 
to a decifive experiment, ifolating. fome animal, 
cula in a watch-glafs the moment they feparated 
from the clufter. When the folitary ones had 
acquired the fize of their original groupes, fur. 
TOWS 


(1) Monas uva. Muller, An. Inf—T., 
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vows were perceptible on varidus parts of the 
body, which by little and little was tranfmuted 
into a new clufter, perfectly fimilar to the old. 
The new group then decomipofed into other 
corpufeles or animalcula, «which in fize:and num: 
ber were equal to the former. I had the fame 
tefults from experiments. on three different cluf- 


ters: and we can make no conclufion, but that. 


this is a Hew mode of a real and actual divifion. 


But the moft furprifing and fingular multiplis — 
cation is that of certain animated globules, oftert 
rolling along like pellets at the bottom of marfhy 


Jentil infufions, and vifible by the naked eye. 
‘They are compofed of external tumours, which 
are fo many animaleula, fituated above one an< 
other, and ready to efeape; Pl» 1. fig. 8. N M. 


Let the reader figure a body almoft fphericaly — 
formed of concentric ftrata, each of which is an — 
ageregate of animalcula,—and he will have a fen- 


fible idea of thefe globules: The animalcula 
eompofing the exterior, or firft flratum, feparate 
from the bedy, and fwim in the infufion: then’ 
is the fecond ftratum, compofed of fimilar ani- 
maleula, laid open. When all the firft have de- 
parted, thefe feparate from the body; and the 
third appears. This alfo vanifhes by the depar- 


POP Rete ee et abate ag Le rate tae a Tome Ot one 


ture of the animalcula that formed it. There — 


are even a fourth and a fifth ftratum, and others 
within to the laft in the centre ; fo that the whole 
globey 
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globe, from the circumference to the centre, 1¢ 
decompofed into a fwarm of animalcula. ‘The 
- eompofing globe, I have ebferved, has no mo- 
tion but rolling in the fluid; however, the ani- 
malcula, when detached, fwim with the utmoit 
rapidity. Their exceflive abundance renders it 
impoflible to number them; but, without exag- 
geration, each globe confifts of a hundred (1). 

It might be fufpeéted that thefe globules are 
 eompofed of many animalcula, at firft feparate,,. 
but afterwards colle€ted together. I have had 
evident proof of the reverfe. While the ftrata: 
decompofed,. I feized fome detached animalcula,. 
and immediately ifolated them. Each (which: 
did not equal one hundredth part of the globe in 
fize) was as large as the whole in a. few days. 
‘Their motion relaxed in proportion as they grew 5. 
fo that when full grown, or complete globes, 
they had only a rolling progreflion after the man- 
ner of thefe animals.. The exterior ftratum was 
originally fmooth: it afterwards became unequal, 
and covered with tumours. Thefe were as many 
diftin® animaleula, which, in future, feparated: 
from the globe to traverfe the fluid. ‘The ani- 

| malcula: 


(1) Very much analogous to this, and the former,, is 
the Gonium Peétorale. It confifts of fixteen globular ani- 
malcula, invefted.by a common membrane.~+The mem- 
brane burfts; and-each animalcule becomes the parent of 
Gixteen young.--T, 
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malcula of the fecond ftratum did the fame; as 
alfo thofe of the remaining ftrata, until the globe 
was entirely decompofed. ‘This experiment was 
made on feven animalcula from different ftrata ; 
and all feven afforded me as many globes. 

_ Thefe are the different generations of animal- 
cula propagating by divifion, in the way hitherto 
explained ; and whichvare in reality polypi that we 
will name infujion, or, more properly, microfco- 
pic, to ufe a general exprefhon, as their kingdom 


is not bounded by the narrow confines of infu- 
fions. I have, at various times, examined the 


water of ditches, dunghills, ftanks, and pools 5. 
fountain, fnow, and ram water; thermal and: 
medicinal water, both of mountains and: plains ; 
and I can affirm, that 1 have found all more or 


lefs abounding with minute polypi of infinite va-’ 


riety. Ifthe multitude is fuch, that a drop of 
water contains hundreds; nay thoufands, as ex- 
periment proves, every one may conceive the 
number mexpreflibly immenfe, which fhould be 
contained in the recefles of all the waters fo amp- 
ly diftributed over the furface of the globe (1).. 
It 
| ( I ) The number will rife above all belief, if to the poe 
lypi of frefh water we add thofe of the fea; for, by Mul- 
ler’s obfervations, the fea abounds in animalcula peculian 
to itfelfi—-A. 3 
After the publication of thefe Traéts, the author feem¢ 
“te 
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It muft be remarked, that there are appointed 
times for thefe minute animals to originate, and 
be deftroyed, as with other creatures that multi« 
ply to excels. Nature has with the wifeft pro. 
vifion deftined, that when one fpecies begins to 
De exceflively numerous, it is reduced, either 
_ from the greater part of the individuals perifhing 
by difeafe, or a violent death by the voracity of 
other animalcul: : for it is a perpetual and in- 
violable law with numberlefs animals, that one 
lives on. another, and mutual deftruGion pre- 
ferves each fpecies. The fame law is maintained 
in the originating and deftruction of our animal- 
cula. An infufion fwarming to day will, in a few 


days, 


to have extended his tefearches to marine Animalcula 
Lnfuforia. *'The falt water, in which vegetable fub/tances 
‘ macerate and diffolve, contains numerous microfcopic be: 
‘angs. ‘Thofe places in particular, where it is ftagnant and 
‘ fo thallow that fubaquatic plants die and are decompofed, 
‘{warm with thefe minute animals. ‘Phe fame phenomenon 
‘happens in fea water kept in veffels, with vegetable fub= 
‘ {tances diffolving. But what are the laws of nature regu- 
‘ lating marine infufion animalcula? Are they the fame 
¢ with thofe to which the animalcula of frefh water are fub- 
‘ject? Some of thefe propagate by the natural divifion of 
‘ the body ; others are viviparous, and fome are Oviparous. 
‘ —Marine animalcula propagate exactly in this manner.’ 
wae Relativa a Diverfe Produzione Marine.—-T. 
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days, have almoft none; and, although thoufands 


perifh by a natural death, immenfe numbers are 
a prey to the larger animalcula.. Sig. Abate Corti 
has before me obferved fome kinds carry on the 


moft deftructive war. The ingenious method 


which a cetaceous fifh, called by the northern 
nations the great whale, ufes to take herrings is 
well known: Having driven fhoals.ef them into 
a bay or ftrait, a blow is given with its tail, fo as 
to occafion a whirlpool of vaft extent and great 
rapidity, which draws in the herrings; the fea 


moniter then prefenting its enormous mouth and 


tremendous jaws, the herrings are precipitated 
down the throat, and its ftomach is foon filled, 
‘The carnivorous infufien animalcula, of which 
we treat, alfo create a vortex in the fluid by their 
vibrating fibrilli; but they are under no neceffity 
of confining the animalcula m narrow limits. If 
abounding in infufions, they have only to keep 
their mouths open ready to ingulph them: if 
rare, they trace them out, and fwallow them up. 


So voracious are they as to feed till they appear | 


much larger: then the purfuit is no longer in- 


terefting : the animals become indolent and flug- 


gifh. On the contrary, if reduced to abftinence 


fome time in diftilled water, they are full of fpi-. 


rit, and eagerly devour the minute animalcula 
fupplied. The tran{parency of their bodies al- 


~ lows 
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lows us to fee the animalcula, whofe motion cons 
tinues after being fwallowed (1). 

All the divifions may be feen in every feafon, 
even the coldeft and moft rigorous. Heat as 
much promotes it as it is retarded by cold: and 
we may affert, that the time required for divifion 
is nearly in proportion to the heat of the atmo- 
fphere. In the middle of winter, it takes many 
hours: in fpring and autumn, it is fooner pers 
formed : and finifhes very foon in fummer, efpe- 
cially if great heats prevail. Sometimes lefs than 
a quarter of an hour is then fufficient from the 
beginning to entire completion. This is one 
chief yeafon why fummer infufions are much 
fooner peopled than winter ones. 

_ Whoever withes to employ himfelf with thefe 
¢urious gbferyations, and the fingular modes of 
| multuplis 


_ (1) It is ingular, that Muller fhould deny that animalcug, 
la prey on each other. Some fpecies he fays prefer being ae 
mong the particlesof duft, animal and vegetable fragments, 
and feem to take pleafure in gnawing them ; but he can ea- 
fily fuppofe, that water alone may be their only nutri- 
ment, as he has feen the life of large animals, fuch as Hy- 
drachnae or Entomoftraca, fupported by water, Praefat. 
p. 12, 13. However, he gives the figure of an animalcule 
containing one devoured, p. 165.1 
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“multiplication by divifion, and is unwilling to fix 
the eye too long on the microfcope, fhould pre- 
fer fummer, if he does not chufe to have recourfe 


to a ftove, which my experiments preve operates 


equally well. 


CHAP. VIII. 


SEVERAL INFUSION ANIMALCULA ARE OVIPAROUS: 
_ SOME VIVIPAROUS: AND ALL HERMAPHRODITES 
‘IN THE STRICTEST SENSE. 


in my microfcopic refearches, I have obferved, 
that many fpecies of animalcula become extremeiy 


numerous in a very fhort time, without evincing 


any figns of divifion. How, then, do they propa- 


gate? Shall we fay it is by inftantaneous divi- — 
fion, and on that account not eafily perceptible : — 


‘or that it is effected in any other manner? Ex. 
‘periment, the only method of diffipating doubt, 
has fhown us that this propagation was not the 
confequence of divifion, but from eggs, and fome- 
times minute foetufes; for I have a€tually found 
many kinds of animalcula oviparous and fome vi- 
viparous. Such an aflertion is nothing unlefs 
fapported by convincing and decifive evidence. 

’ The 
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The reader ought fo much the more to defire 
.conviction, .as this is, pofitively denied. by Mefirs 
Needham and De.Buffon, who exclude univocal 
generation from infufions entirely. ‘hus it be- 
comes neceflary to defcend to circumftantiate de- 
‘tails; at the fame time preferving due attention 
~to-brevity. 

“One oviparous kind of the largeft.fize among 
-animalcula is found in rice infufions. It much 
«refembles the figure of a kidney bean, except that 
one extremity is.curved into a fharp beak, Plate 1. 
‘fig. 9. Q.(1). Having feen the wonderful mul- 
stiplication of this fpecies, without being able to | 
edifcover whence it.arofe, I thought of recurring — 
to ifolation, which on many occafions had been. 3 
‘fo ufeful.an expedient. One was, therefore, put 
in the ufual glaffes:with a little water, which, for 
fecurity of containing no animalcula, had been a 
dong time boiled. In feven hours, the animalcule 
-was not alone, it had a companion. ‘The new 
-gueft was fo like the old-one, it was impoflible to 
diftinguifh them. I had -no reafon to fuppofe 
‘that it came from without, or was ‘produced by 
‘the infufion. When the animalcule was ifolated, 
-equal portions of the fame boiled infufions were 

eRe *,.. L, put 


(1) The Kolpoda cucullus of Muller: dt has-from 8 
to 24 pellucid globules within, which he thinks are the 
offspring ; in the young animals, none are to be feen, 


Anim Anfif. 103, 104ml. 
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put into feven different glaffes, for the purpofe of 
comparing what might happen in glaffes where 
‘there were gia no animalcula, and where 
there was one. \ But none either of one fpecies or 
another ever appeared in the feven ‘glaffes and 
Y thought myfelf right in concluding, that the 
fecond animalcule derived its origin from the 
firft. This might be in various ways; whe- 
ther the firft had produced the fecond alive, or 
laid an egg from which it came, or by dividing 
In two. More frequent examination of the glaffes | 
was required for difcovering the truth. In ‘half | 
an hour, I found fomething new: two minute | 
pellets at the bottom of the elafs, PQ. Plate ae 
fig. g. One was oval; it moved from time to J 
“time ; and in moving changed its place. ~Alter- } 
nate motion and reft continued an hour anda | 
third: then it was more frequent and entirely lo- — 
cal, the pellet beginning to fwim flowly through | 
the fluid. After the lapfe of fome time, its motion 7 
was as confiderable as that of the two animalcula. — 
| ‘This, its equality 1 in fize to them, being pointed 4 
at the extremity, and apparently compofed of the | 
the fame vafcular fubftance, evinced it to be an 7 
animalcule of the fame nature, expanding by de- 7 
grees, and now become moft active. While the J 
elliptical peliet prefented thefe phenomena, the 
round one O exhibited others. Within were in- © 
cluded a lefler fphere difficult to be obferved, and ¥ 

which | 
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‘which I perhaps fhould not have noticed had it not 
been for.a gentle revolving motion upon itfelf, while 
the including fphere was tranquil. After various 
revolutions, the fhell burft, and the lefler fphere 
efcaped: the envelope was reduced to a wrink- 
ded irregular fubftance. The {pherule extended, 
and grew {mall at one end to form the curved 
beak; and it began to fwim: thus affuming all 
the characteriftics of an animal which the other 
had. The origin of thefe animalcula is, there. 
fore, from an egg, reprefented by the fhell or in- 
volucrum. 
_ But the conjecture required further and more 
decifive proofs to become an eftablifhed faa ; and 
fuch I foon obtained. The glafs being left in that 
{tate on the evening of 15 June, next morning 
there were more than forty-five animalcula, all 
exactly refembling the firft which was ifolated. At 
the bottom a number of pellets appeared, part 
round, part elliptical. With my eye intent on the 
round, I perceived they did not become elongated, 
as the pellet mentioned above: one after another 
burft, and/as many inactive mifhapen animalcula 
came out, afterwards growing into complete fi- 
gures full of action. ‘When the fmaller became 
larger, they did the fame. Thefe fubftances were 
undoubtedly eggs ; ftill it was to be elucidated 
whether they had proceeded from the animalcule, 
which was more than probable. For abfolute 
Le conviction, 


2 
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conviction, it was neceflary to fee them proceed 
from its body, which appeared difficult, not fo 
much from the rapidity of its courfe, as becaufe 
it left the field of the microfcope every moment, 
from too great abundance of fluid. The fitteft 
method was confining fome in a very {mall quan- 
tity of water, that they might be conftantly in 
view. Idid fo; and the fuccefs was fooner than 
I could have expected; fince, in fcarcely a quar. 
ter of an hour after confinement, one was deliver- 
ed before me of a round corpufcle fimilar to the 
former: and it having opened, gave birth to one 
ef the ufual animalcula, firft round, then oval, 
then diminifhing into a curved beak, and com: 
mencing motion in the glafs, as had happened to 
its other companions. More eggs were produc. 
ed: I counted eleven that had proceeded from 
the pofterior part of the ifolated animalcule, pro. 
ducing an equal number of young, I might have 
counted more had not fuch very minute obfer- — 
vations exhaufted my patience. From the whole, 
it is clear that thefe animalcula are oviparous, 
and their mode of propagation by eggs. ; 
This particular detail will render fuperfluous | 
what I fhould have had to fay on many other 
fpecies alfo oviparous. I can only affure the 
reader, that by fcrupuloufly practifing fuch a plan, 
each fpecies has laid eggs which produced ani- 
malcula fimilar to the mother. Some of thefe 
| | animalcula, 
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animalcula, round or cylindrical, originate in in- 
fufions of radifh and camomile feeds, beans, and 
buck-wheat. ! 

Let us next treat of viviparous animaicula, of 
which I have found two fpecies, both carnivo- 
tous. We diftindly fee the animalcula abforbed 
by a great vortex, pafling down the eefophagus 
into a little bag, and thence into a larger, appa- 
rently ferving for a ftomach. Each animalcule 
has a long tail forked at the extremity, by which 
it can attach itfelf to the adjacent fubftances. Two 
oval bodies project from each fide of the tail, and 
above them two {maller, refembling narrow leaves, 
Pl. 1. fig. 10. R. It is eafy to fuppofe thefe 
four bodies integral parts of the animalcule ; and 
the two leaves are actually fo; but the other two 
are real animalcula. We not only perceive them 
move, but, examined by a powerful magnifier, 
they are evidently two living animals, refembling 
the large one, to which they are attached, but 
confined and contracted within themfelves. If 
kept in view, they gradually expand, are eman- 
cipated from the mother, and begin to fwim. 
The opacity of this kind prevented me from fee- 
ing the foetus before it iffued from the body. 
After an animalcule has attained maturity, two 
young ones are feen where the tail originates. I 

have never difcovered more or lefs than two in 
all the animalcula 1 have examined. In other 
L 3 animalcula — 
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animalcula three are to be feen, but them Ff: 
judged of a. different fpecies,. becaufe the leaves. 
were wanting, and the interior feemed fomewhat 
different, Fig. 10..S. “Thefe two’ kinds: of ani- 
malcula are commonly among the tremella of 
ditches. . 

Is copulation required for the propagation. of: 
their race by oviparous and viviparous animal- 
-cula? If I faid that I had once beheld a real: 
copulation, ever fince If{tudied infufions, it would: 
be advancing what is direétly oppofite to truth.; 
But, adhering: to the principles of ftri@ logic,, 


from which the naturalift fhould never deviate,; 


no legitimate confequence can thence be deduced. 
that they do not copulate. Like that of other 
animals, copulation might: be inftantaneous,, and: 
therefore efcape obfervation. It was poflible that: 
the eggs of oviparous.animalcula might be fecun- 
dated after exclufion from the body of the mo- 
ther, the fame as:thofe of frogs and toads: theres 
fore I had to attain the truth, by obviating every 
poilibility. of the contrary, which was accom- 
plifhed in the following manner. Having put 
the egg of an animalcule in a watch-glafs, I con- 
cluded,“if the animalcule from this ifolated egg 


produced a fertile egg, there would be no need 


for copulation: if a fterile one, that. more than 
one individual was requifite for propagating the 
fpecies, that is, copulation was eflential. _ But the 


truth is, as many animalcula were produced as 
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eggs laid by the folitary animaleule, which fuc- 
ceeded with all the fpecies 1 examined (1). 
~. A fimilar method was purfued with vivipar- 
ous animalcula, by taking feveral young, one by 
one, from the parent before being fully develop- 
ed, and ifolating them to prevent all fufpicion 
of mutual intercourfe. Each ifolated animalcule, 
in due time, became parent of other two, that is, 
of two, {peaking of the firft fpecies, and three, 
fpeaking of the fecond. And thefe young after 
wards had defcendants (2).. 
Thefe two genera of oviparous and viviparous 
animalcula are, therefore, hermaphrodites in the 


ba ftricteft 


(1) Some authors indeed deny the: copulation of ani- 
‘malcula. Roffredi fays he has been long acquainted with 
“mnicrofcopic animalcula, and known the frivolity of their 
‘pretended copulations : immediately afterwards, however, 
che defcribes that of the eels of blighted corn. Several in- 
-ftances are related by Muller. The copulation of the Pa- 
‘ramecium Aurelia has continued two hours, Anim. Lnfies. 
sp. 58. The Trichoda Aurantia, Prifma, Lynceus, co- 
‘pulate ; as do the Vorticella Hamata, and Crateriformis, 
~p. 185. 188; 226. 278. 279. 280. He has feen what he 
calls both a tranfverfe and longitudinal copulation of the 


Trichoda, Ignita, and Charon, p. 186. 290.017 


(2) Fhe Vorticella Nafuta propagates both by produc- 
-ing living fetufes, and by the divifion of its own body into 
_ four parts, Muller, p. 269. In this it fomewhat refembles 
-other animals that produce both eggs and young.—T. 
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firicteft fenfe.. When we find infufion animalcula- 
propagating by divifion to’ be fuch, fince Hola 
tion does not prejudice their multiplication, it 
may readily be feen how far abfolute hermaphro- 
difm extends in the animated world, though for- 
merly limited to few fpecies. 

This difcovery tends:greatly to elucidate a dif- 
ficult queftion concerning the original inhabitants: 
of infufions.. Some time after an infufion is made, 
it will be fwarming with animalcula, though the. 
utmoft precaution is ufed againft any one being. 
concealed ;.and for greater fecurity-it 1s boiled: 
feveral hours. I afk, How do the original foun- 
ders of the future. moft. numerous inhabitants- 


-come there? I can conceive only two. ways;. 


they muft either have pre-exifted in the infufion. 
mixed with it, or: they muft have come there by: 
means of germs.. The firft opinion cannot be- 
adopted; for had they pre-exifted in the infufion,; 
we are obliged.to admit that they would never’ 
die when out of a fluid, or that they revive when: 
reftored to one, as the wheel animal and fome- 
other animals do.. But experiments without: 
number have demonftrated. to me, that the ine 
habitants.of infufions die irrecoverably on evapora-- 
tion of the liquids(1).. Thus there is a neceflity: 

7 for. 


(1} Moller, befides quoting Wrifberg’s experiments, . 
and mine, fays he has obferved the fame. Decantatus in- 


fuforiorums 
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for recurring to the fecond mode, namely, to fome 
germ or ovulum paffing from the air into the ine 
fufion, and becoming the origin and fource of f@ 
numerous a race of creatures.. Such an inference 

acquires 


fuforiorum vere demortuorum, Vibrionem. anguillulam {i 
excipias in vitam reditus mihi fefe nullo experimento proe. 
bavit, nec acutifitmis obfervatoribus, Spallanzani et Wrii- 
berg fucceflit, neque quomodo eadem revivifcant perfpicio 
cum corpora plerorumque poft exhalatam:aquam rumply 
et in moleculas efflari manifefte video.— A. | 
Here Muller evidently fpeaks of complete death. Tn: 
the fecond edition of the work alluded to, the Animalcula 
Infuforia, fome additional remarks are fubjoined to thefe, 
which the author has not proceeded to quote.—— But 2. 
drop of water being fupplied, before complete rupture of” 
_ the parts, motion and life will. return ;. though, from the 
violence the animal has fuffered, a degree of languor wilk: 
for fome time,. or always, remain. If the antmalcule is. 
defended from the injuries of the air, by means of any 
particles of duft or fand: cafually in the infufion, and the: 
humidity not. entirely exhaufted, it. will recover. Some 
are deftroyed and totally diffolved by fimple contaé& of 
the air. Ihave feen fome decompofed on approaching: 
the edge of a drop; and even others; amidft the rapidity 
of their courfe, I have feen diffolve in-a moment.” . 

Perhaps all animals are fubje@ to inftantaneous death. 
Tt is frequently found-in infects. But the apparent death. 
of animalcula will often proceed from inability to move: 
she members, except in water.—T. 
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acquires more force and perfuafion when fupport= 
ed by facts.. I allowed the fluid about animal- 
cular eggs to fail, fo that they remained quite 
‘dry ten days; then they were reftored to their 
native liquid :—befides being revived, they were 
foon hatched. From this there is no difficulty in 
conceiving why animalcula originate in infufions 
where there are originally none; efpecially by 
reflecting on the immenfe abundance diffeminated 
through the air and on terreftrial fubftanees ; and 
confidering the innumerable animalcula inhabit- 
ing the waters of the globe. | 
Every fluid is not equally favourable to the ex- 
panfion of animalcular eggs. Pure water alone 
‘is unfit for it: hence it is no longer a myftery, 
why in it, and much more in diftilled water, we 
hardly ever fee animalcula. On the other hand, 
they always originate in the water where vegeta~ 
ble feeds are macerated. I have found no fluids 
better adapted to the produ@ion of eggs than 
thofe where infufed feeds began to corrupt. The 
appearance of animalcula fhews, that incipient 
-putrefaction creates qualities in the decompofing 
materials fit for developement of the egg: for 
fuch is the tenor of nature, that eges are not 
excluded wherever they happen to be, or in 
every cafe, but only in fuitable fituations, and. 
‘by means of certain determinate conditions. 
} have 
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I have particularly examined. whether animals 
cula were fpecifically different, according to the 
difference of the feeds infufed and whether each 
had its peculiar fpecies. Here I have found no 
uniformity. Certain fpecies only have been 
found in particular kinds of vegetables ; but it 
often happens otherwife. Both at different times 
and different places is there a variety in: the ani- 
malcula of the fame infufion: and it is not un- 
common in two infufions of feeds, taken from 
the fame plant, made at the fame time, and kept 
in the fame fituation; a fact which well coincides 
with the vaft variety of animalcular eggs diffemi- 
nated in the air, and falling every where without 
any law. a 

If we can affirm that all the fpecies, multiply~ 
ing without any apparent divifion, do fo by means 
of fome pre-organifed principle, as is moft credi- 
ble, it muft be allowed they form a moft intereft- 
ing part of our animalcula. The. other clafs, 
propagating by divifion, and thence called mis 
crofcopic polypi, prefent fomething {tll more 
interefting. What can we think of their origin 
in infufions? Doubtlefs they alfo proceed from 
-fome pre-organifed principle: but is that a feed, 
an egg, or other analogdus corpufcle? If facts 
are demanded, I acknowledge we have none ; as 
thefe polypi die when deprived of the fluid, nor 
do they revive when. it is reftored, we cannot be- 
lieve they fall from the air. I have no fenfible 

evidence 
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evidence of their originating from a pre-organifed 
principle, fince it has never been difcovered by 
me; but, adhering to eftablifhed facts, this opi- 

nion is to be embraced: for, if the polypi, firft 

feen in infufions, are not produced by plaftic or 

vegetative powers, which fo many fads have 

proved chimerical, and cannot be the fame that 

fall from. the air into the infufion, it is moft ra- 

tional to infer, that they proceed from fome 

germ, or pre-organifed principle, whatever it may 

be called. It is of no importance whether the 

germ or feminal principle is invifible, or reproduc- 

tion of the polypi effected by means of divifion 3 

becaufe, with refpect to the firft, we know that 

we ought not always to conclude on the non-ex- 

iftence of a thing. which we do not perceive ; and 
in the cafe before us, the germs may be either too 

tranfparent or too minute to fall under our fenfes ; 

and with refpect to the fecond, this is not the on- 
ly polypus which multiplies by germs or eggs, 

as fome others do the fame. 

- T have fuppofed that the germs whence animal. 

eula originate come from the air; and this ap- 

pears moft reafonable from the fupport of un- 

doubted facts, which I fhall briefly enumerate (1). 

Sixteen 


(1) Muller alfo thinks it probable that animalcula and 
their eggs come from the air. Pracfat. p. 22, 297, 298 
woos Dy 
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Sixteen large cui fized glafs veffels were felety 
ed and divided into four claffes. Four were her« 
metically fealed ; four ftopped with wooden ftop« 
pers, well fitted ; four with cotcon ; and the res 
maining four left open. By this means the exter- 
nal air had no communication with fome; very 
little with others, with the third clafs more, and 
as free as poflible with the reft. Every four con- 
tained infufions of hemp-feed, rice, lentils, and 
peafe ; and were boiled a full hour in the vafes 
before being clofed up. I began the experiments 
a1 May, and vifited the vafes 5 June. In 
each were two fpecies of animalcula, large and 
fmall; but the four open infufions were fo full 
and crowded, that they ieemed to teem with life ; 
with the cotton ftoppers, they were about a third 
fcarcer ; and the animalcula {till fewer in the vef- 
fels with wooden ftoppers ; in thofe hermetically 
fealed were fewelt of all. 

The effence of the experiment was the fame 
on taking maize, wheat, and barley for infufion, 
Inftead of ufing ftoppers, I covered fome of the 
infufions with nut or olive oil ; and this new obfta- 
cle further diminifhed the number of animalcula. 

The immediate confequence refulting from 
thefe fatts is, that animalcula are more numer- _ 
ous in proportion to the communication of the 
infufions with the external air. From what we 
fee, their origin is either from germs brought by 


the 
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the external air to the veflels, or, being mixed 
with the infufions, it concurs to aid the expan- 
fion of them. That fuch germs may be partly 
mixed with infufions, and the air promote their 
evolution, I have no difficulty in believing. 
But the facts hitherto related, evidently demon- 


{trate that the air ferves as a vehicle to them ; and 


as it is impoflible in this cafe to recur to thofe of 
the infufion, which fhould have been deftroyed by 
boiling for an hour, we are under the neceflity of 
referring to thofe of the air. This fluid entering 


more freely and copioufly, fhould convey a much _ 


greater number of germs into the open veflels, 
and of confequence the population of the iafu- 
fions fhould be greater. The reverfe will hap- 
pen, where little air enters and penetrates with 
more difficulty, as when the veflels are ftopped 
with wood. The volume of air included in the 
veffels hermetically fealed, will produce the ani- 
malcula appearing there, but few in comparifon 
to thofe in open veflels, on account of the rare- 
nefs of the producing germs, which are propor- 
tioned to the {mall quantity of air that is never 
. renewed, 
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CHAP. IX. 


ANIMALCULA POSSESS THE REAL AND CHARACTER, 
ISTIC MARKS OF ANIMALITY. 


‘Tur exiftence of an immaterial and fenticnt 
‘principle i in animals, refts ov the analogy between 
their organization and operations compared with 
the organization and operations of man. Many 
who havehad recourfe to this kind of analogy, 
though profound metaphyficians, have not been 
naturalifts enough to examine it as it ought to 
be. Surely they have not taken the animal pro- 
greffion in its full extent, nor defcended to a juft 
‘and rigorous analyfis, which would have demon- 
ftrated the inefficacy of analogical reafoning in 
‘many links of the animal chain. Without 
any intention of combating their laudable ideas, 
‘Yet us take a view of them ; and firft of the animal 
organization. It cannot be denied, that the me- 
‘chanical ftructure of numberlefs animals corref- 
‘ponds entirely or in the greater part with that of 
‘man. Not to name the oran-outang fo fimilar 
to us, as differing only in the privation of reafon, 
quadrupeds and birds in this refpeét could not ap- 
proach nearer to the human fpecies. The fame 
| organs for digeftion, refpiration, circulation, fe- 
cretion ¢ 


. 


‘eretion; the fame ramifications of nerves from 
‘the {pinal marrow, the origin of this from the 
brain, and the fimilarity ‘of its confiftence ; the 
fame meandring of veins and arteries, producing 
innumerable rivers and rivulets through the whole 
body, conveying life and nutriment every where. 
No difference is perceptible in the action of the 
 ampuifcles, ligaments, teguments, cartilages, or ten- 
dons: the fame variety in the nature, the mo 
tions, and offices of the bones. Some long, fome 
bent, fome curved into an arch. The hardnefs 
wies with that of ftone in fome:: in others, the 
pliancy is equal to cartilages. Some are hollow 


and filled with marrow 3 others folid and mafly | 


throughout. Certain bones confift of a fingle 
piece, while various parts connected together 
form others. Laftly, all thefe animals have the 
fame number of fenfes, and the organs of them 
fituated in the fame parts of the body, and con- 
ftruéted as ours. But it has pleafed nature 
to diverfify the figure of thefe animated ma- 
chines: fometimes arming them with tufks, 
horns, nails, or claws: fometimes clothing them 
‘with {cales, adorning them with feathers, or cover- 


ing them with a hard hide; diminithing the ante- _ 


rior part of fome into a pointed beak, a flender 
fnout, or a long and monftrous trunk ; or en- 
darging it to form a hideous head, frightful to be- 
hold, or exciting pleafure by its refemblance to 

our 
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our own. This ingenious creatrix has formed 
_ the body of fome fo as to convey an idea of 
lightnefs and grace ; while others difplay a floth- 
ful inactivity : one is contracted within itfelf, and 
apparently only of a fingle piece; another ex- 
tended beyond all bounds; and a third moft ex. 
actly proportioned. In a word, there are as many 
varieties among birds and quadrupeds as their 
forms are different from that of man; yet in 
every one is there the narroweft refemblance in 
the eflential part of organization. | 
Analogical reafoning applied to thefe two races ~ 
of animals cannot be ftronger or more convin- 
cing ; but how is it weakened by defcending the 
animal fcale to fithes, reptiles, infects, and at laft 
is totally loft. Let us attend a moment to the 
Structure of infects. Not only do the bones, 
blood, heart, and other vifcera difappear, but we 
_ cannot difcover either veins or arteries. A lon- 
gitudinal veffel from one extremity to the other 
is feen, in which flows a liquid generally tran{pa- 
rent. Although the nervous fyftem is maintain. 
ed entire, there is no brain, at leaft nothing pro- 
perly fo: and their refpiratory organs much 
more refemble thofe of plants than thofe of the 
larger animals. Defcending the animal f{cale ftil] 
lower, every femblance of organs is loft, and the 
whole body of the animal is reduced to the mof 
Gimple ftructure imaginable, Many polypi are 
VoL, I. ee. but 
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but an elongated facculus covered with tuber- 
cles: Many aquatic animals are fimply of a mem- 
branaceous or vafcular texture. Many marine 
goophytes are only a kind of jelly. The organi- 
zation of thefe animals has not the {malleft rela- 
tion to that of man; plants themfelves may. be 
faid to refemble him more, becaufe we find fap 
veflels, utricles, and tracheae in them (1). | 
The 


(1) Every fmall animal was formerly called an infe&, 
and is fo ftill, by incorrect writers. ‘The fub-divifions of 
animated nature muft become more numerous, in propor- 
tion as {cience advances, and peculiar diftinctive properties 
are difcovered. A great family has been feparated from 
proper Entomology, and called cruffacea: but another, 
much. more immenfe, has been removed farther under the 
name Vermes ; and additional changes are made by every 
new writer. But it will be long before they are univer 
fally obferved, particularly in imperfect infe&s and worms. 

It was generally believed, that none of the animals de- 
nominated infects had any brain, and very few ventured 
to difpute the fad ; and after they did fo, the reverfe was 
pertinacioutly maintained. Haller lays it down asa general 
rufe, that all animals, having a head and eyes, mutt alfe 
. have a brain and fpinal marrow: he thinks, neither eyes 
without a brain, nor a brain without eyes, exilt in any 
animal; likewife, that all thofe with a brain and fpinal 
marrow muft alfo have nerves, Phiftologia, Tom. 4. p. 2 
155. Fabricius fays, infects have only the rudiments of a 

brain, 


Zr. ANIMALCULA OF INFUSIONS. 17 


The degradation in the organic ftruGure of ani- 
“mals is alfo vifible in their operations. Thefe, in 
many {pecies, nearly approach to thofe of man. 
Such are the operations of quadrupeds in gene- 
ral; but more efpecially of the elephant, ape, 
and beaver. Thofe of birds, likewife, bear much 
analogy to ours: their ingenuity in conftructing 
nefts ; the diverfity of note to exprefs the vari- 
ous affections of hatred, fear, pleafure and pain ; 
the provident fagacity of many, in changing their 
climate according to the change of feafons ; ; the 
facility of inftruéting birds of prey for the chace= 
M 2 all 


brain, Entomologia Syftematica, Tom. 1. In one treatife, 
the great comparative anatomift Cuvier affirms, they have 
no brain properly fo called, but only a {pinal marrow, 
{welling into knots and tubercles at intervals, from which 
the nerves proceed, Tableau de L’hiffoire Naturelle des Ani 
maux. ‘towever, in his late work on Comparative Ana- 
tomy, he defcribes the brain of many infeés divided into 
two lobes, and fending forth nerves. ‘he nervous fyftem 
of the various genera of worms is much more obfcure. 
According to Virey, Cuvier, and others, they have no 
brain, but ganglia on a nervous cord. The latter re- 
marks, ‘ Ganglia nearly equal being uniformly diftributed 
£ on a cord, extending through the whole length of the 
* body, feems defigned to furnifh each fegment with a 
‘ brain peculiar to itfelf.’ Neither brain nor nerves have 
yet been difcovered in the actiniz, medufx, polypi, and 


many more.—T. 
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all.are qualities proving what I advance. But 
thig analogy exifts no more, when we come to 
fifhes, reptiles, and infects. It is true, that a- 
mong.the laft are many diftinguifhed by their 
operations: whether confidered by their anxiety 
for felf-prefervation, purfuing what is ufeful, and 
avoiding what 1s noxious; whether we confider 
their mutual anxiety for propagating the fpecies, 
or fingular folicitude for their young, placing 
them in fuitable fituations, and providing them 
with food until they need maternal afliftance no 
longer, We all know the ingenuity of bees, the 
fagacity of the leaf-moth (tignuola delle foglie), 
ihe induftry of the ant-lion and fpider, the fero- 
city of the hornet, or the ingenious cruelty of 
ichneumons. But the operations of numberlefs 
other animals are reduced fimply to feizing and 
fwallowing their prey, as the arm-polypus ; or 
to open and fhut their thelis, as many teltaceas 
or imbibing nutriment by an immenfe number of 
mouths on the furface of the body, as many ma- 
rine animal plants. 
enka this haity glance at the animal fcale, we 
arrive in the seleeubitnd at a race of beings, 
Ww hich, to judge of their ftrudture and operations 
compared with thofe of man, we fhould be more 


incline >d to deprive of a fentient mind than to be. | 


tow one upon them. Behold how much analo- 
ical reafoning is enfeebled in the intermediate 


clafles, 
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claffes, and totally loft in the loweft, though ap- 
pearing fo evident and conelufive in the higher 
degrees! Can we thence affert that animals oc 
cupying the loweft rank bear the name of ani- 
mals improperly, from being apparently deprived 
of an immaterial and fentient principle? This 
has already been fufpected by Bonnet: he who, 
both as a profound metaphyfician and a moft 
able naturalift; has confidered the gradual pro- 
greffion of beings fo well. After fuppofing, in the 
Corps Organifes and the Contemplation, that the 
polypus is a real animal, and, on this fuppofition, 
explaining the moft embarraffing phenomena in 
his Palingenefie, he does not hefitate to hazard a 
mechanical explanation, by confidering the poly- 
pus as an animal fimply vital, or endowed with - 
irritability alone ; and fufpedts there may be other 
animals fimilar from the fimplicity of their ftruc- 
ture or operations. Needham goes farther: All 
animals that repair their parts; loft either by am 
putation or by natural divifion, are, according 
to him, animals /imp/y vital, in which he places 
the immenfe kingdom of infufion animalcula, 
fince, by M. de Sauffure’s difcovery, they pros 
pagate by divifion(i). But he is lefs inclined to 

M 3 exclude 


(1) There is fuch an immenfe variety of animalculay 
that it is-very difficult to. fay what clafs they belong to. 
Some late writers clafs them among worms, and fome a- 

mong 
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exclude them from the rank of animals from too: 
great fimplicity in ftru€ture or operations, than 
his inability to conceive how an organifed being 
reproducing by divifion can have a foul. 

That beings fimply animated, or animals whofe 


life confifts only in irritability of the parts, are 


poffible, I can eafily believe; efpecially when 
fpeaking of thofe whofe actions are few and little 
varied, and that by this hypothefis the gradations. 
of organifed beings is better united by connec- 
ting the animafand vegetable kingdoms by means. 
of fuch fimply vital or irritable beings, inferior 
to an animal, and fuperior to aplant. That it is 
poflible infufion animalcula. may be. of the num-- 
ber, I offer nothing againft : nor will any thing 
m the leaft difadvantageous to. it be feen in what 
has yet been-faid in this Tract. Earneft, how- 
ever, to reduce poflibilities to. fads, Iam much 
more inclined to.judge them: real and actual ani- 
mals than. beings fimply vital or irritable.. There is: 
foundation for my opinion, becaufe an affemblage 
of qualities is recognifed in them fufficient to con- 
ftitute the qualities. of abfolute animality. I have 
had occafion to remark. fome of thefe qualities in. 
my Diflertation, fuch as the exertions of animal- 


cula. 


mong zoophytes. If our microfcopes could difcover their 
internal ftructure, it is moit probable that many would he 


removed far from both,—T. 
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‘cula to avoid each other and the obftacles to 
their courfe ; fuddenly changing their dire@tion, 
taking an oppofite one; and pafling inftantane- 
‘oufly from reft to motion, without any external 
impulfe ; eagerly darting to particles of the in- 
fufed fubftances ; inceffantly revolving on them- 
Telves, without a change of place, their courfe 
againft the current, and crowding into fhallow 
parts of the fluid (1). Neither have other cha- 

racteriftics, 


(1) M. Guettard, in a work which, from the prodigious 
multiplicity and variety of matter, might be called a trea- 
tile de omnibus rebus et quibufdam aliis, is convinced that in- 
fufion animalcula are only the farinaceous veficles of feeds 
put in motion by external caufes: and with this convic- 
tion does he judge it proper to difcufs the qualities I men- 
tion; all which he efteems infufficient to prove the ani- 
mation of animalcula. Tio adopt his mode of reafoning, 
it would be a matter of very great doubt whether horfes 
or elephants were real animals, though poffefling the fame 
qualities. But the moft wonderful circumftance is, that 
the author is perfectly innocent of all thefe matters; and 
evidently fhows that he has never feen a fingle infufion 
animalcule in his life. It would be lofing time to demon- 
ftrate the frivolity of his arguments, fit for the ignorant 
only. The reader may confult the author himfelf; and 
that he may not think me exaggerating, he is referred to 
Muller, who, without the leaft conneétion with me, either by 
friend{hip or literary intercourfe, undertakes my defence, 

‘ M4 3 or 
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racteriftics, forcibly corroborating their animality, 


failed to occur in the compofition. of this work ; 
partly deduced. from various accidents to which 
they are fubjeét, like other animals, when put in 
fimilar fituations. . 
For the reader’s convenience, I fhall bring my 
different: experiments briefly into view :. from the 
recapitulation, he will be more enabled:to under- 


ftand the ufe of comparifon, which, as he already 


knows, conftitutes no fmall portion of the work.. 


= 


Too great heat deftroys animal life: 111° is’ 
fatal to the tadpoles of frogs, and to. frogs them-. 


felves, 


or rather the defence of truth. Impreffo huc ufque libelloe 
in manus venit folium 30 novel. Lett. Gottingenf. 1772, 
ubi clariff. Guettard animalcula infuforia meras vefciculas 
farinaceas arguere indicatur. Accerfito libro’ (memoires 
fur differentes: parties: des Scienees et Arts,:tom. 2. Paris 


1770) avidiflimeque, quae de his-agunt perlectis, et quafi 


devoratis, vultu tamen continuo fubridente non potui, non. 


admirari doétiffimi viri temeritatem, argumentis, quae fole 
ingenio debentur (veftigium enim obfervationis ullius 
infuforii. ab ipfo. inftitutae nullum extat) tentandi refuta- 
tionem eorum, quae meris obfervationibus innituntur. 
Nec abfque apparenti fucceffu, licet enim meliora clariff 
Spallanzani.argumenta pro animalitate infuforiorum pug- 
nantia in aream producat, cuilibet le&ori, obfervationum 


aeque ignaro, ac ipfe, fucum facit, quem tamen unaquaés 


que infuforiorum contemplatio difpellet. In re enim nav- 


turali non ingenio, fed obfervatione vivitur. 


ea: 4 
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felves, the nymphs and larvae of mutkitoes,, and 
to water newts: 108° kills filk-worms and the 
larvae of the blue flefh fly: 106° kills leeches, 
rat-tailed worms, and water fleas: and animal. 
cula die at about the fame degree of heat, that 
is 106°, 108°, 111°. 

All animalcula are not alike affeted by cold. 
Some die at freezing, or a degree not much 
greater ; others furvive at.10°.. Thus is it with 
infects. Winter deftroys. moft of them, but many 
brave its rigour, and fome retain the ufe of their 
members, as is feen in various fpecies of infufion 
animalcula. During fummer, I have often fro. | 
zen water in a concave glafs where different little 
infects {wam. Freezing began at the circumfe- 
rence, and formed a wreath of ice: but the in- 
fects never remained to be imprifoned in it ; they 
retreated to the interior where the water was yet 
fluid, and, as freezing advanced, colleéted in the 
centre of the glafs, where they perifhed on com, 
plete induration of the fluid. Infufion animalcula 

exhibit precifely the fame phenomena. 

The. odours and liquors that are a virulent 
poifon to infects, are the fame to animalcula, 
Such is the odour of camphor, the fumes of tur- 
pentine, fulphur, and tobacco. Oleaginous, {pi- 
ritous, and faline liquors are equally deftrudtive. 
The eleétric {park is a real thunderbolt to both. 
Agents flowly deftructive of infufion animalcula 

are 


786 ANIMALCULA OF INFUSIONS. T, 


are likewife fatal to infets, as the vacuum of an 
air pump. 

The motions of animalcula concur in proving 
their animality. They are not the fame in all, 
but different, and produced by different means 
peculiar to each fpecies. Many move in infufions 
only by undulating the body, as eels do im fwim- 
ming. That undulation is not fimilar in every 
one; for fome form a few flight curvatures, o- 
thers deep and numerous. The figure is formed 
in a moment by fome, by others flowly and gyra- 
dually. The arms, points, and fibrils, proceed- 
ing from the extremity of the body, are inftru- 
ments for many animalcula to fwim: fome are 
tong, fome fhort, fome ftrike the water often, 
others feldom, and the reft with various degrees 
of velocity. There are animalcula whofe motion 
is very languid, and there are fome that move 
moft rapidly. Some move at intervals ; the mo- 
tion of others is perpetual: they never feem to — 
reft. [ have feen one {pecies whofe pofterior fibres, 
difengaged and feparated far afunder, folding to- 
gether in an inftant, darted the animal to a confi- 
derable diftance, like an arrow from a bow. The 
courfe of feveral -fpecies never deviates from a — 
ftraight line; others continually pitch up and 
down like a veffel at fea. Some whirl like tops 
or balls on themfelves, without moving from the 
fpot ; while others have a progreflion during this 

rotatory 
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rotatory motion. In: fhort, there is no race 
whatever which, on diligent examination, does not 
exhibit motions peculiar to itfelf. 

If to all this we join the artifice evinced in 
_forming a vortiginous current to entrap their prey: 
their ferocious purfuit of the fmaller animalcula, 
their indifference when the ftomach is full, and 
-greedinefs after them when hungry. If we con- 
fider all the qualities relative to their nature, mo- 
tion, and properties, not fingle and disjoined, but 
eolle€ted and united in the fame fubjeét, it is im- 
poflible not to admit one of two things: either 
that an infinity of beings recognifed by all the 
- world as real animals are not actually fo ; or, if 
they are, fuch alfo muft be the oe Bien in 
infufions. 

If we refume the sis nce of sicily, 
which is the only fupport of accurate judgment, 
whether a fentient principle refides in animals, 
and compare the various operations of infufion 
animalcula with thofe of the largeft animals and 
ourfelves, we fhall not find them fo diftant or 
different as not to correfpond m feveral particu- 
lars. Befides the organization of many animal- 
cula being fo fimple as to appear nothing but an 
ageregate of granuli invefted with a fkin, and 
éompletely included in it: in fome we fee an af- 
femblage of parts for the moft oppofite. ufes, fuch 
are fibrilli for a vortex, fins for fwimming, a 

mouth, 
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mouth, an oefophagus, a ftomach, which feems 
to have a periftaltic motion, agitating the includ- 
ed aliments. I ought to add another organ I 
have difcovered in this new courfe of obferva- 
tions, which I fufpect is deftined for refpiration. 
It confifts of two ftars, with a very minute globe 
in the centre, and fituated, as one may fay, m 
the foci of elliptic animalcula of the largeft or 
middle fize, Plate 1. fig. 11. T. F. Whether 
the animalcule moves or not, the {tars are always 
in alternate and regular motion. Every three or 
four feconds the minute central clobules fwell 
like a bladder to three or four times their na- 
tural fize, and then fall: the inflation and efla- 
tion are performed very flowly. The fame is 
done by the rays of the ftars, except that infla- 
tion of the globes empties the rays, and inflation 
of the rays empties the globules. During this 
alternative, a long narrow ellipfe is obferved, in 
the largeft animalcula, on the fide between the 
two ftars, in continual motion U. (1). 

Under this conviction, that the animalcula of 
infufions are real animals, in addition to the full 
concurrence of paft and prefent obfervers, ex- 
cept M. de Buffon, Mr Needham, and a few of 
their partifans, it gives me inexpreflible pleafure 

| bl w 

(1) It is the opinion of feveral naturalifts, that ani- 
malcula have no organs for refpiration, and live without 
ain—T. 
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to fee myfelf joined by a naturalift, whofe autho 
‘ty, though ftanding fingle, I fhould not hefi- 
tate to oppofe to that of all Europe. I fpeak of 
M. de Reaumur, that is of one who, in the ftu« 
dy of the obfcure kingdom of minute animals, 
indifputably holds the firft rank among the na- 
‘turalilts of the age. In letters to M. Trembley 
and Bonnet, he thus exprefies himfelf on the 
theories of Needham and de Buffon; and, with 
reipect to the firft, he fays, ‘ my object was to 
* verify obfervations that had given rife to fuch 
* {trange ideas of the generation of animals. Dif- 
* ferent infufions have been my deepeft ftudy; and 
‘ I not only find the imaginary organic molecules 
‘real animals, but that they are fimilar in gene- 
“ration to others. That thefe animals, according 
* to the new theory, always beeome fmaller and 
*‘fmaller, I have found abfolutely falfe; on the 
* contrary, all here proceeds by the ordinary rules, 
* thofe originally {mall at length becoming large 
here dl ¥ 
This celebrated perfon expreffes himfelf as dea 
cifively to M. Bonnet, fignifying that he had rez » 
peated the experiments on the 1NsEcTs of infu- 
fions; that he had exainined them mott attentive- 
ly, and for whole hours; and had difcovered 
what had impofed on thofe who fuppofed them 
fimple globules in motion, 
The 
(+) Corps Organifés, tom. 1, 
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The firft extract confirms what M. de Sauf- ; 
fare and myfelf remarked of the erroneous idea. 


which had induced the belief of the fmaller in- 
fufion animalcula being generated by others larg- 
er, and thefe by fome of ftill a larger fize, ac- 
cording to M. Needham and de Buffon’s fenti- 
ments, who have undoubtedly been mifled by a 
fac very feduétive in appearance. It often hap- 
pens that the whole animalcula of an infufion 
are of the largeft fize. By an invariable law, the 
life of animalcula has a determinate period; 


therefore the largeft perifh in a certain time. 


Frequently, when they begin to diminifh, a fmall- 
er fpecies is generated, and thefe are fucceeded 
by fome {till fmaller ; laft of all comes a colony 
of lefs fize than any of the whole. One accuf- 
tomed to explore nature, and to have nothing but 
her operations in view, will foon perceive there 
is no relation of parent and offspring among the 
fucceflive generations. But whoever difdains 
the trouble of analyfing natural phenomena to 
the utmoft, and fancies an hypothefis, that the 
fmaller races proceed from the larger, will readi- 
ly. difcover it in every fucceflive colony of a dif- 
ferent fize. | 
If, from the reafons adduced, we are conftrained. 
to confider infufion. animalcula real animals, what 
can we anfwer to M. Needham, who conceives 
himfelf obliged to fuppofe them machines fimply 
vital, 


s 


Py 
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vital, and from the fingular caufe, that they. pros 
pagate by divifion? Firft, | fay the author draws 
a general conclufion from particular faéts, as: he 
aflumes a general propofition, that all animalcula 
propagate by divifion. But many others multis 
ply without it. The objection therefore will af. 
fet only thole of the firlt fpecies; and far 
from not admitting a plaufible anfwer, it had 
formerly been advanced by the partifans of 
automati/m, when a difcovery was made, that the 
fections. of the polypus became complete animals, 
as may be feen in Bonnet’s Corps argani/és; which 
work, if Needham had taken the trouble to per- 
ule, would have prevented him from publifhing 
his objections ; becaufe if in abftrufe and obfcure 
matters one is contented with probability, as a wife 
and rational philofopher ought to be, there he 
would have found enough to his fatisfa@tion. 'There- 
fore I adhere to. M. Bonnet’s principles, not only 
becaufe ingenious but juft; and by their means 
we can comprehend and explain how the divided 
parts of an animalcule are transformed into. ani» 
mated and fentient beings, The fact may. be e- 
lucidated by an animal many million times larger 
than infufion animalcula, by the earth. worm, 
_ Every fegment becomes a new whole regenerating 
in itfelf the parts deficient, and among others the 
head and tail(1), The reproduction of thefe 
parts, 
(1) Prodromo fopra le Reproduzioni Animali, In Me- 
dena, 1768, 


/ 


oe, 
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parts, and the fame may be faid of the reft, is pro- 
bably by means of two germs, one deftined to 
develope into a tail, the other into a head. “The 
foul of the worm when entire refided in the head, 
admitting in general that it refides there in ani- 
mals. It will alfo refide in the fame part of the 
regenerated worm, either becaufe God has cre« 
ated a new mind, or, as appears more philofophic, 
becaufe this mind pre-exifted in the germ, . and 
only required evolution to be called into ex- 
iftence. Behold how the fections of a worm 
are reproduced into new and fentient worms. 
This with the due proportions may be transferred 
to infufion animalcula, propagating by natural 
divifions. Thefe, as far as yet known, may pro- 
erly be reduced to three kinds, the tranfverfe, 
longitudinal, and anomalous, or irregular. By the 
tranfverfe, the animal feparates into two parts, 


one the anterior, the other the pofterior. As in 


the anterior the head remains entire, confequent- 
ly the foul, that /e/f, that perfonality by which a 


being may be called animated, will alfo remain | 


entire. ‘The queftion refts on the pofterior part 
alone. ‘The progrefs here is the encreafe of this 
fection, until it becomes equal to the whole ani- 


mal; it aflumes the figure peculiar to the ani- — 


mal’s head, whether pointed, curved, obtufe, or 
bell-fhaped, and if the animal is of the number 
that produce whirlpools, the points generating 

a vortex 
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vortex begin to protrude. Therefore I have good 
reafon to believe that a new head is developed, 
and confequently that this whole begins to be ani- 
mated by a new fentient principle. 

The theory eafily applies to longitudinal divi- 
fion, fince it is undoubted that the foul refides 
in one of the lateral portions, as it refides in the 
anterior part, where tranfverfe divifion takes place, 
at the fame time it is certain that the other lateral 
portion will be fully renewed, as the pofterior part 
is in tranfverfe divifions. ‘Therefore, if this por- 
tion expands to form a real animated and fentient 
being, it is rational to fuppofe the fame will - 
happen to the other. 

The like may be faid of the anomalous or ir- 
regular divifion, by which I mean the divifion of 
an animal into more than two parts, without be- 
ing referrible to either the longitudinal or tranf- 
verfe. Into whatever number of parts it divides, 
each, in acquiring the fize and figure of the whole, 
will acquire that perfonality which conftitutes it a 
real animal. One part only in thefe irregular di- 
vifions does not require the developement of a 
new foul, that is, what formed the original head, 
as is moft evident. 
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TWO EPISTOLARY DISSERTATIONS ON INFUSION ANI. | 


MALCULA ADDRESSED TO THE AUTHOR BY THE 
CELEBRATED M. BONNET. OF GENEVA. 


ARGUMENT... 


Many of the refults in thefe traéts had at dife 
ferent times been communicated to M. Bonnet, 
efpecially in two long: letters of 20° December 
1770, and 15 September 177%. ‘The anfwer 
to the‘latter will be found ia the Tract on Seminal 
Vermiculi, and that to the other is the firft of the 
following. As thefe two letters particularly com- 
prife the refults’ on infufion animalcula, it -has 
been judged proper to fubjoin them to the tra&: 
‘What the reader has previoufly perufed will en- 
able him to underftand them properly. 

According to M. Bonnet’s defire, fome anno« 
tations have been made by the author, where he 
felt himfelf neceflitated to be of a. different Opi« 
nion. And-he has been the more induced. to it 
-as he knew M. Bonnet was fincere. Thefe let- 
ters, efpecially the fecond, would afford a ftriking 
inftance of the facility with which this great 
philofopher abandons his opinions, when incon- 
fiftent with facts, or lefs probable than thofe of 
another, if his other works did not already de- 
montirate it. 


LETTER 
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. LETTER I. | 
| _ My Solitude, 17 Yanuary 1771. 

| THREE of your letters, my illuftrious friend, are 
before me; ; the firft dated 2 23 November, the fe- 
cond 20 December, and the third 6 January. 
} owe you a long antw ers efpecially to the fecond, 
for it is an exuberant folio replete with new facts, 
on which it is impoffible to beftow too much re- 
flection. How much your interefting details 
have delighted me cannot be defcribed, nor could 
I refolve to engrofs the whole to myfelf. Meff. 
Trembley and De Saufiure have participated in 
the pleafure, and both have been equally fatisfied ; 
! they defire many compliments, with meft oe 
wifhes to you. Their applaufe was certain; and 
having 1 traverfed thefe unknown regions, they are 
the beft judges of your difcoveries. We all three 
coincide. refpetting your létter, and join in the. 
jut euldgiums which your ingenuity, accuracy, 
and correct reafoning merit fo well. Some ideas, 
excited by that interefting epiftle, were communi- 
cated to thefe intelligent obfervers, and appeared 
to give them fatisfaction. I could have withed 
that theirs had been communicated in return, but 
M. Trembley delays until nature {peaks in more 
intelligible language ; and M. de Sauffure till he 
has repeated the experiments. Therefore I fhall 
alone run over the principal articles of your 
; | N 2 : curious 


Aca 
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curious diflertation, for fuch undoubtedly is the 
immenfe letter you. have taken the trouble to 
write, and for which accept a thoufand and a 
thoufand acknowledgements. It has been per- 
ufed with the pen in my hand, and a corrected 
extract made, that nothing eflential might efcape, 
and that I might be the better enabled to comply 
with your requeft. It is only difcharging my 
heavy debt to your friendthip. 

L.. Your diftribution of infufions into claffes, 
diftinguifhed by the time of ebullition, has been 
moft judicious. By excellent experiments, we are 
now aflured that. two hours boiling does. not pre- 
vent the production of animalcula ; we have even 
reafon to admit that the pepulation of infufions 
is generally proportioned to the duration of ebul- 
lition, and the longer it is continued, the more do: 
animalcula encreafe (1).. Here then is enough to 

| pulverife 


(1) The meaning of my propofition is: although the 
leaft- boiled:infufions had originally few animalcula, com- 
pared with thofe that had boiled more, in time they had 
immenfe numbers. ‘This greater abundance. is naturally. 
explicable.by the increafing diflolution of the infafed feeds, 
becaufe diffolution is-a condition moft neceflary for the po- 
pulation of infufions. M. Bonnet. fuppofes that the addi- 
tional animaleula may arife from more of them, or 
their germs, falling mto’ the infufions. Ihave fhewn that 
it in'as little probable that animaleuia fall from the air, 2 


it 
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pulverife all the fophifms of our obftinate Epige- 
nefift. The infufions, at firft rarely inhabited, 
_ became more populous in time, and you afcribe 
it to the gradual diffolution of the infufed matter. 
As the veflels continued open, one might fay 
‘the additional numbers depended on the feeds of 
animalcula, or on animalcula themfelves preci- 
pitated from the air, perhaps being attracted by 
the penetrating odour of the infufion. I do not 
hefitate to make thefe fuggeftions : you with it, 
and yourfelf difeover many which are fimilar, in 
your inveltigations of nature. 


N 3 i. 


at is certain their germs do fe, Whence I have no doubt 
that the animalcula, whofe numbers increafe with the lapfe. 
of time, partly originate from new germs precipitated into 
the veflels. However it cannot be thought, that the accef- 
fion of thefe germs alone is equal to the additional popula- 
tion, otherwife an equal quantity having fallen into the 
infufions that had boiled much, as into thofe that had not, 
there is no reafon why the animalcula of the fir fhould 
be abundant in afew days, and thofe of the fecond only 
after anintervalof many. A difference fo fenfible mutt 
depend on fome fecret condition, and I can fee none 
other than decompofition of the infufed fubflances which 
takes place as much fooner in the infufions boiled much, 
aa later in thofe that have boiled little, 
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Tl. It was already important to fee thoufands 
of animalculain every kind of infufien boiled two 
hours ; but fubftances were expofed to a trial ftill 
more fevere, by roafting them in mefallic cups, 
and then forming powders of which you: compa- 
fed infufions with boiled water. All fwarmed 
with animalcula of every fize and defcription. Af- 
ter this, how can we refufe our aflent to the ge- 
neral conclufions which you deduce from fuch 
decifive experiments? How can we refufe to 
agree, that the wegetative or productive power of 
our friend the Epigenefift is a perfe€t chimera ? He 
objects that too great’ heat in your firft experi- 
ments might have deftroyed the productive power 


of the matter infufed ; ; yet, when expofed to much — 


‘ greater heat, it was al inhabited by numerous 
animated beings (1 1). If the obftinacy of our 


friend ‘is not Syetaes he will fice to fuch evi. q 


‘dence. 


TT. Te feems rigoroufly demonftrated by your — 


experiments, that animalcula appear in fubftances 
included in veflels hermetically fealed, and expo- 


fed ten minutes to the influence of boiling water | 
before inclufion. But the reaion why as many F 
animalcula are not exhibited in clofe as in open — 


‘veftels, we may infer to be, becaufe the excels i in 


the latter ariles from the tceds of animalcula and . 


ails 


(1) It 1s already feen how much heat was increafed. 
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animalcula-themfélves precipitated from ‘the ex- 
ternal air. Perhaps the communication of the 
fubftances with the air may alfo facilitate their dif: 
folution, and the generation of animalcula in con- 
fequence. | | 

[V. By the cleareft experiments, you have 
happily refuted an important objection, that the al- 
tered ftate of the air in the veffels had prejudiced 
the vegetative power of fubftances infufed ; but 
animalcula continued to appear in veflels herme- 
tically fealed expofed to boiling heat, fome from 
half a minute to two minutes, others from fix mi- 
nutes to twelve(1). The fmalleft animalcula 
only originate, and none of the largeft or middle 
fized. Thus it feems fufficiently proved, that 
thofe of the higher clas ‘cannot originate or ex- 
pand in fubftances fubjetted to fimilar experi- 
ments. A fact which may be'the fubject of the 
mof{t profound meditation is demonftrated: the 
fmaller the animalcula are, the lefs injurious 7 
heat to ther generation or developement. I thal 
foon return to this. If the higher clafles are 
not feen in veffels hermetically fealed, and expol- 
ed half a minute to boiling heat, cannot we 
thence conclude, that allthe animaicula you have 
feen fo numerous in infufions boiled from half an 


N 4 ; “hour 
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~{1) Ebullition above twelve minutes. has not obftruded 
the production of the fmalleft animalcula. 
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hour to two hours, that thefe animalcula, I fay, or 
part of them, may come from the external air, 
from that in the veflels or the feeds attached to 
their fides, or from all three? This conclufion 
feems the more probable concerning the higher 
clafles. Indeed, if we fuppofe that they or their 
feeds lodged in the infufed matter, there is no 
reafon why they fhould not appear in veflels her- 
metically fealed, and expoled to the heat of boil- 
ing water, if that degree was not prejudicial to 
their appearance. You haye proved that they 
" are ftill feen in fealed veflels of infufions, which 
have not been expofed to heat. The higher 
¢lafs, therefore, did not pre-exift in the infufed 
matter: But I do not thence mean to infinuate, 
that they or their germs could not pre-exift in it, 
for animal and vegetable fubftances are probably 
covered withthem. I only mean, that thefe ani- 
malcula, or their germs, are probably deftroyed 
by boiling the fubftances where they are lodged, 
Are you not furprifed, my dear friend, that I do 
not fay certainly dettroyed ! But I dare not make 
fuch a pofitive affertion concerning beings fo little 
known. Is it not poflible, that the heat of boil. 
ing water, or any other of equal or even greater 
degree, produces no effeét but deficcation of ani- 
malcula or their germs, and thus reduces them to 
a ftate analogous to that of pennated polypi’s 
eZgs, which may be kept dry feveral months, as 


4 
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I have obferved, Article 317 of the Corps Orgas 
nists? After having boiled veffels hermetically 
fealed with various infufed matter, I with you 
would let it cool in-the fame veflels, and make 
obfervations to difcover whether the’ animalcula 
gradually appear. This fimple experiment ech 
be very initructiye (1). 

V. By your letter, I perceive that the animal, 
cula of what you term the mediate and higheft 
cla/s, which are here more briefly defigned of the 

higher 


t) My anfwer to M. Bonnet is thus exprefled: ‘ The 
y P | 


experiment which you, my illuftrious friend, propofed, 


wn 


had already been made in part, although the fole obje& 


‘aA 


at the time was to examine whether veffels hermetically 


A 


fealed, and expofed to the influenee of heat, would afford: 


aA 


more or fewer animalcula in proportion as I delayed to 


”~. 


obferve them. Therefore, on 26 September 1770, eleven 
veflels were boiled, and the feals broke g Odtober ; 


wa 


a 


they contained only the moft minute animalcula : five 
more were opened October 13: they had none but the 
fame animalcula. Thus the prolongation of time had no 


a wa 


A 


influence on the production of the largeft animalcula.? 
Brevity prevents me from relating another experiment, 
where the effect was fimilar. We have already feet, that 
protraction of time did not favour the produétion of the 
largelt animalcula, or higheft clafs, in vellels hermetically 
fealed and expofed toheat. I think there is reafon to cone 
clude, that the heat of boiling water really deftroys the 
germs of the higher claffes, 


' 
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higher orders, 1 perceive, I fay, that thefe ani- 
malcula cannot expand at 174°, but want of 
time prevented the extenfion of your refearches 
on this point. It would be very defirable to af- 
certain the degree, or to come near it, at which 
they may be developed(1); and it would be ufe- 
ful to afcertain how much cold they can fuftain. 
All this would have fome tendency to elucidate 
the fingular conflitution of thefe living beings, 
and afford us comparifons and inductions which 
aight throw fome light on fo obfcure a part 
of the animal kingdom. ‘The evolution of ani- 
‘mals is evidently proportioned to the heat necef- 
fary for putting their fluids in motion, and for 
extenfion of their veflels. The earlieft plants 
are apparently thofe whofe liquids are put in mo- _ 
tion by the leaft degree of heat, and whofe vef- 
fels afford but little refiftance to gentle impref- 
fions of their fluids. The life of many infeéts 
may be abridged or prolonged by keeping them 
in cold or warm fituations, Corps Organisés, Art. 
167; and we know there are infeéts that can 
- fupport the cold of 14 or 15° of Reaumur’s 
thermometer, and remain alive though complete- 


(1) By experiments afterwards inftituted, I was able 
ve fix the precife degree. 
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‘ly frozen (1). To the celebrated Reaumur are we 
indebted for our knowledge of this part of the 
animal economy. In January 1767, I repeated 
‘the curious experiments with frozen infects. 
Chryfalids of the beautiful cabbage: caterpillar 
savere expofed to 12 or 13°(2); they feemed 
completely frozen ; and, when dropt into a china 
veflel, founded like a ftone. But they were not 
dead ; and, towards the middle: of May, the 
‘butterfly appeared, nor was the transformation. 
‘later than of others of the fame ipecies that had 
‘paffed winter and part of {pring on the ftove 
of my apartment. Infufion animalcula might 
-in this way prefent much more furprifing facts : 
‘we have only to invent experiments fit to difcover 
them. The fubject is too interefting not to ex-— 
cite the curiofity of a naturalift as intelligent as 
you (3). | 5 
: VI. 


(1) M. Bonnet means thefe degrees below freezing ; 
-becaufe the fcale of Reaumur’s thermometer begins 
at the freezing point, er 32 of Fahrenheit’s; therefore 
14 will be nearly.o, and 15 about two below o of Fah- 


_renheit’s.—T. 
(2) About 5 and 3 of Fahrenheit.—T. 


(3) My anfwer to M. Bonnet informed him that I had 
‘anticipated the experiment he fuggefts ; but that the com- 
‘munication was referved until I had obtained enough of 


facts. Thefe are detailed in the Trad, 
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© VI. I now come to that article of your letter 
which has given me the moft agreeable furprife, 
and afferds moft ample matter for reflection. 
You have completely proved that the {malleft 
animalcula, or thofe I denominate the lowe/ clafs, 
originate and expand in infufions expofed from 
half a minute to twelve minutes to the effects 
of boiling water, in veffels hermetically fealed ; 
while it is at the fame time demontftrated that the 
animalcula themfelves perifhed at 106 and 108°. 

Here undoubtedly is a moft important fact 
which philofophers would never have fufpected 
without deep meditation on the nature of germs, 
and their analogy with the elements. This ex- 
cellent difcovery has given me much pleafure : it 
feems to corroborate my fentiments concerning 
germs ; and the refleétions which it has excited 
fhall be fubmitted to your opinion. 

You know, my dear friend, that the more dia- 
phanous a body is, the lefs is it heated by the 
‘rays of the fun; and the greater the number of 
pores, the more open and direét, the lefs do the 
rays act on their fides. The celebrated Bouguer 
reafonably attributes the exceffive cold felt on the 
higheft mountains to the extreme rarity of the 
air admitting too free paffage to the folar rays 
for them to make any fenfible impreffion on this 
fluid. It is eafy to conceive that fome bodies may 
_ exift, fo thin, homogeneous, and perfeétly diapha- 
nous, 
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nous, that light or heat may traverfe them with- 
eut impreflion. Even the denfeft and moft. 
opaque fubftances become trandparent when di- 
vided into lamina extremely thin. Gold is a moft 
remarkable inftance (1). May not the germs of 
animalcula of the loweft clafs be among thofe 
fubftances fo thin and tranfparent that heat may 
traverfe them without alteration? Let this idea 

be profecuted farther : it merits confideration. 
‘The animal and vegetable kingdom firft appear 
under the form of a whitith jelly more or lefs 
tranfparent. Such is the original form of the 
majeftic oak and the powerful rhinoceros: in the 
beginning they are but a drop of jelly, and {till 
lefs. Were we permitted to afcend higher in the 
animal and vegetable origin, we fhould find them 
much more tranfparent. We are acquainted 
with 


(1) So far as I know, it can only be faid that gold 
is not abfolutely opaque ; for brought to the greateft 
degree of thinnefs, +,,'555 part of am inch, it appears of 
a green colour. Poflibly other metals might tranfmit light 
if they were fufficiently malleable to bring their pores ine 

to a ftraight line ; for it is hardly to be fuppofed that any 
fubftance is without pores, or does not confift of compo: 
nent parts, until we arrive at the atoms of matter, if there 
isfuch athing. But it isa very different queftion whether _ 
the pores of fome fubftances may not be fmaller than the 
particles ot light, however minute thefe are fuppofed to 
bew=T, 
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with infe&ts which are fo all their lives, and 
continue gelatinous during exiftence.. Such aré 
thofe belonging to the fingular and numerous fa- 
mily of polypi: alfo the animalcula of infufions. 
How many infects fhould be tranfparent in their 
primitive flate in the flate of a gernt! It is, ins 
deed, a moft remarkable fa&, and on which: 
fuficient attention is not beftowed, that all 
animals and vegetables are, in their original 
ftate, nearly of the fame confiftency, and thofe 
which, Hke the oak and rhinoceros, afterwards 
acquire the greateft folidity, have af firlt no more 
than the polypus. By what wonderful mechanifim 
does nature bring them to the degree of confitt- 
en¢eand opacity proper to the faecies ? Here ob- 
fcurity thickens mote and more. Only the rudi- 
ments of the profound: theory. of. increment are 
known. Thefe rudiments I have attempted to trace 
in Part 1. Palingenefie Philofophique, and {hown the 
philofophic. naturalift in what manner he may 
throw more light on this important fubje@. The 
principles, by. which I many years ago attempted 
to give a reafon for increment, are in fome mea- 
fure confirmed by Nature herfelf. M. Heriffant 
has been her interpreter; and his excellent experi- 
ments on the growth of the bones and of marine 
bodies have greatly ftrengthened the probability of 
my ideas: He has communicated them to us ; 
and | have had the fatisfaction of doing juftice to 
his 
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his labours. M. David of the Royal Academy 
of Sciences of Rouen, an excellent anatomift, anc: 
well known: to the public by his various works,. 
has juft publifhed a treatife on the increment of. 
the foetus, where he inclines to adopt my prin- 
ciples, and’ eftablith them by new fa&ts. On that 
fubjeGt, he has communicated information which: 
gives me fo much the greater pleafure, as it fup- 
ports the opinion of M. Heriffant, and as I had not 
indulged fuch hopes of approaching fo near the 
great work of Nature. But this treatife I have. 
not yet procured. ‘ ate 
- Increment fuppofes nutrition, and’ this the ins 
corporation of numerous heterogeneous fub ftn- 
ees, terrene, oleaginous, faline, and others. Alb 
thefe are aflimilated to the organic .texture by its 
own interpofition. It is the chiefinftrument of 
ailimilation, confequently of the almoft infinite 
partial fecretions which are operated in alk the 
organic points:of this texture, and on which’ in- 
- erement and folidity finally depend.. At fit(t:the 
blood of a chicken is colourlefs; it next becomes 
white, then yellow, and laftly red. It colours 
and.thickens. only by the introduCtion.of: terrene 
aliments; therefore it fhould:lofe the primitive 
tran{parency:in proportion as the animal grows. 
The gradual incorporation. of foreign particles 
‘Should obftru& the pores. more, and {hut the ae 
venues ta light.. 


What 
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What happens fo much at large in the chicken 
probably pafles in infinite miniature among our 
infufion animalcula. They feed ; they expand by 
nutrition ; and the more nutriment they take, the 
more is their tranfparency leffened, but it is never 
entirely deftroyed. Their delicate veflels do not 
admit particles fufficiently grofs or homogeneous 
to accomplith this. Thofe aflimilated are propor 
tioned to its extreme finenefs (1). 

While animalcula of the lower orders remain 
in their original ftate of germs, their tranfparen- 
cy is probably fo complete that light or heat tras 
verfes them without impreflion. It may be pof- 
fible that the germs are fo {mall as to admit only 
one or two rays of light. But when expan- 
fion commences, they begin to aflimilate foreign 
particles with themfelves. The aflociation of 
thefe with the elements of the texture tends 
more or lefs to diminifh the tranfparency, confes 
quently to allow more influence to light or heat. 
—Itis nearly the fame as with air, which, being 
condenfed 


(1) The parts of many animals are never expanded by 
nutrition, There is hardly an infe& ‘known that grows 
after its laft metamorphofis; and if any do fo, their in- 
crement is too fudden to arife from nutrition. A caters 
pillar feeds voracioufly on leaves: Its fize rapidly in- 
creafes : it changes to a butterfly, which lives on the 
pure nectar of flowérs; but increment is at an end: 
——T, 
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condenfed and loaded with foreign atoms, be- 
comes fufceptible of a greater degree of heat by 
the influence of light or fire. 

In ‘this way, my efteemed friend, do I con- 
ceive the germs of the lower animalcula can 
withftand the heat of ebullition, and how the 
animalcula themfelves perifh at 106° and 108°. 
Nutriment gradually changes the original contti- 
tution of animalcula, and incorporation of a quan- 
tity of foreign matter gives an efficacy to heat 
which it could not previoufly have. The nutri- 
tious atoms becoming conftituent parts of the mi- 
nute organic whole by incorporation, heat cannot 
but have fuch influence upon them as, to a certain 
degree, to affect the vital functions. Perhaps 
animalcula may exift in the atmofphere fo per- 
feCtly diaphanous, and feed on fubitances fo rare, 
that they may pafs through the fire without pe- 
rifhing. Thefe would be fylphs and gnomes a 
little lefs fabulous than thofe of poets: Your 
animalcula of the loweft clafs are games, yet 
more real. 

All this has-much analogy with what I have 
faid, in the firft five parts of the Palingenefie, 
_ on the little ethereal body which I have confider- 
ed the real abode of the foul, and which, accord- 
ing to my ideas, has been rendered capable of 
triumphing over the effets of time and the ele- 
ments to preferve the perfonality of the animal, 
a OLS O and 
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and one day reftore it under another form. It 
1S. fingular that direct experiment has already 
brought -animalcula into view which refift the 
heat of ebullition. This is at leaft a fmall pre- 
fumption in favour of my hypothefis on the fu- 
ture reftitution of animals. It may remain to 
expofe the germs of thefe animalcula, or rather 
the fubftances where they lodge, to fire. Let 
us defpair of nothing ; but let us inveftigate Na- 
ture farther. You underftand how to interro- 
gate her as fhe ought to be, and to you will the 
make her moft favourable refponfes. You will 
not prefume, apparently, that fire may be the na- 
tural element of a race of animalcula, much lefs 
will you think with M. Robinet that it is only 
an aggregate of animalcula. You limit yourfelf 
with inquiring, by judicious experiments, what 
degree of heat animalcula, in the ftate of germs, 
can fupport without deftruction. 

I greatly approve of your extending thefe ex- 
periments to the eggs of infects about which we 
know fo little(1). Thofe of many butterflies, 
beetles, or flies, may afford ample icope for ob- 
taining evidence fit to ftimulate the fcrutinizer 
of Nature. Reaumur’s experiments, fatisfac- 
torily proving that one may prolong the dura- 
tion of the embryo’s life in the egg, are diredt- 


ly 


(1) Thefe have been détailed, 
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ly the inverfe of thofe you propofe on the 
eggs of infedts. The life of the embryo in 
the egg evidently differs much from that of the 
animal developed. ‘Therefore it is a law of the. 
animal economy, that the germ of the embryo 
can fupport fituations or accidents deftruGtive of 
the animal evolved. Were we able to compare 
thefe two lives exactly, much light would be 
thrown on the experiments which we fhould make 
of this nature, and the effeGts that would enfue. 
But how far is our phyfiological knowledge 
from extending to that ! We know the germ or 
embryo only by fome of the moft prominent, 
T fhould fay the groffeft features; and we are 
ignorant of its principal connection with the 
various parts furrounding it in the ego. The 
little of the whole that we know only refpetts 
the chicken. How can we hope that the light 
of obfervation will one day penetrate the fecret 
organization of an infe&t’s egg infinitely minute 
when compared with that of a hen? What 2 
profound abyfs to us is the ege of an infe&t; but 
what fubject in natural hiftory, ptelowphy or 
metaphyfics, does not prefent fimilar abyfles ? 
The fage will feleét the leaft profound, and 
eonfider them with modeft and i re- 

ferve. 
Ihave juft re-perufed the eighth and ninth 
chapters of your firft Differtation on Animalcula, 
O 2 which 
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which appeared 1765. In page 117, you rea- 
fon plaufibly, without fufpecting that experiment 
made by yourfelf would one day be adverfe to it. 
You undertake to refute the author of Lettres a 
un Americain, who thinks, without any direct 
proof, that heat of great intenfity is requifite for 
the production of certain animalcula, and exprefs 
-yourlelf thus. ‘ It is enough that we view the 
© fine and delicate texture compofing the inter- 
‘nal mechanifm of the animal, which may be 
‘ confidered an affemblage of the flendereft filk- 
‘en filaments, and we fhall eafily be fenfible 
‘ what ravages and deftruction an irregular intef- 
‘tine heat would caufe among them: If we fee. 
© this heat, in warming the fluid, kill adultand 
‘ vigorous animalcula, fo much the more will it 
¢ affect them in their integuments while -yet weak 
‘and tender.’ Nature itfelf evinces, that it is 
the germs or integuments of animals which fup- 
port the heat of boiling water, whereas the ani- 
malcula themielves perifh at 106° and 108°. 
‘This inftance, like many others, proves how the 
moift {pecious arguments may become. deceitful 
in philofophy, and that we fhould diftruft con- 
clufions merely rational in fubjects of natural hif- 
tory and philoiophy, ‘Thirty years ago, if one : 
had afked the moft acute philofopher, or the — 
moft expert anatomiit, Whether he. conceived 
that an animal could be multiplied by cutting it | 


a 


Y, | ANIMALCULA OF’ INFUSIONS: ons 


in pieces, or even by mincing it down? Do you 
think, my worthy correfporident; that this phi- 
lofopher, ér anatomift, would not have advanc: 
ed an hundred good: reafons to prove the impof: 
fibility-of the fa&; and would any anatomitt 
have been found attempting to combat his rea. 
fons? What would have happened had we afked 
that anatomift, If he thought an animal could 
exift which might be turned outfide-in, like a 
glove, without ceafing to live, to grow, and 
to multiply? Nothing is fitter than fuch dif: 
coveries to infpire us with diffidence of our own 
opinions, and to create the moft exalted ideas of 
the infinite vartety of Nature’s operations. ‘This 
reflection, equally moral as logical, has often oc- 
cupled a place in my writings. I have itrongly 
endeavoured to inculcate it into the minds of my 
readers. While compofing parts 12 and 13 of 
La Palingenefie, it engrofled me much; and I at- 
tempted to point out the bounds and the natural 
imperfections of our knowledge: All that is faid 
on this fertile fubject is little in comparifon to 
‘what a writer more enlightened and intelligent 
than me could have faid.. But I have mentioned 
enough for my principal object, and for the re- 
flection of thofe readers who are capable of fuch 

meditations. | 
Perhaps you know, that the Abbé de Lignac 
was the author of thefe Lettres g@ un Americain, 
O 3 whom, 


214  ANIMALCULA OF INFUSIONS. Ta 


whom you refute froma criticiim on M. Needham. 
it appears that M. de Reaumur valued this work 
of his friend the Abbé; he fent me a copy with 
many requelts to read it. His method does not 
pleafe me: His criticim on M. Needham and 
de Buffon is loofe and injudicious. Several 
points, however, are well founded; but he is 
neither philofopher nor obferver enough to treat 
fuch matters fkilfully. His theological fentiments 
often feem to fpoil his philofophical. Some years . 
afterwards, this fame Abbé de Lignac undertook 
the refutation of fome metaphyfical works, and 
- particularly the E/fai de P/ychologie, whofe author 
you may one day enquire for of me. I can well 
affure you that the refuter has never under{tood 
this eflay: all his objeG@ions are falfe ; he cen- 
fures the author every where; and what is {till 
more {trange, he puts a confeflion of faith in his 
mouth, the moft abfurd and oppofite to the au- 
thor’s real fentiments. He prints itin Italic cha- 
racters, as if the pflychologift’s own expreffions. 
The title of this refutation, Le temoignage du fens 
intime et de experience, oppofé a la foi profane et 
ridicule des Fataliftes modernes, 3 tom. 12. So he 
elafles the pfychologift among the modern fata- 
lifts, whofe creed is profane and ridiculous. [I 
have not underftood that this abfurd plychologift 
ever thought of anfwering his keen and inconfi- 
derate adverfary. Doubtlefs he has conceived 

that. 
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that his time would have been miffpent; and that 
his Effai would give no offence to thofe who 
could penetrate into the abftrac&t points which 
ferve as its bafis. What could he have replied 
toa critic who forgot himfelf fo much, as in 
fome meafure to become an accomplice of the 
deteftable parricide Damiens? Thofe acquainted 
with the pfychologift, knew that he has fully 
forgiven the monftrous errors of his critic. I alfo 
know it. How odious is it to attempt refuting | 
an author by attacking confequences which may 
have any latitude according to the will of the 
éritic! (1)s BES At 

| O 4% I 


ie, Ofterier than once [ have felt tiyfelf inclined to re- 
proach M. de Bonnet with fome of his ableft metaphyfical 
opinions being adopted from an Lfjjai de Pfycholopie, by an 
anonymous author: His keen defence of the work, his 
very partial expreffions in that defence, the P/ychologie 
itfelf, altogether induce me to fuppofe him the author: 
Although I conceive the whole, I cannot explain myfeli 
further. . But my readers may be aflured, that the author 
of the P/ychologie will not revenge the plagiaries with 
which fome perfons have reproached the Genevele natu- 
talift, becaufe, to my certain knowledge, he did not com- 
mit any; and if he had, he would have openly acknow- 
ledged them. I alfo know, that he is very far from adopt- 
» ing all the ideas in the Effai de Pfichologie. Tle has even 


impugned 
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I return to the original tranfparency of orga- 
nifed beings, concernirig which your lower orders 
of animalcula have given me fcope for reflection. 
In my Confiderations fur les Corps Organifés, Part 
1. ch. g. you have feen the accurate difcoveries 
of Haller, and the different confequences that 
feem to: flow directly from them.. Thefe difco- 
veries, which have gone far to perfect our know- 
ledge of: generation, form’a feries of facts, which 
I have ranged’ a certain’ order, to prefent them 
with more precifion and regularity to the mind. 
he. fecond: fact is thus expreffed :—* The folid 
‘ parts of the chicken are at firft fluid: the fluid 
‘ gradually infpiflates' and becomes a jelly: the: 
‘bones themfelves fucceflively pafs through the: 
‘ fluid and: gelatinous ftate.. On the feventh day’ 
‘ of incubation, the cartilages. are ftill gelatinous < 
‘onthe eighth, the brain 1s but a. tranfparent 
‘water, and is undoubtedly organized: Mean- 
“time the foetus already moves its members. 
‘ The -veflels having become larger, admit gummy 
“albuminous. molecules, which are attracted to- 
“wards them.. The more the proximity of the 

| * element 


impugned fome, and laments his‘not having extended his. 
criticifm on the moft important topics in the work.—A. - 

M. Bonnet was indeed the author of this anonymous: 
work he afterwards acknowledged: it; and republithed:it. 


in the collection of all his works in 9 vols, 4to.—T 
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* element encreafes, the greater force does tlie at= 
* tractive power acquire. The organifed fluid is 
* thus conducted: to mucofity by degrees : it bes 
* comes a membrane, a cartilage, a bone, by im- 
* perceptible fhades, without the interpofition of 
‘any new part.’ There is {till the third faa, 
which fo- well. eftablifhes the primordial tranfpa- 
rency of the folid parts of the germ. ‘ It is only: 
© on the fixth day that the lungs are vifible ;: then 
‘ they are but ten hundredth«parts of an inch in 
“length. If it was not for the tranfparency, they 
* would have been vifible at four of thefe hun- 
“dred parts. The liver is larger ftill when it be- 
“gins to appear: it ison account of the tranf. 
“ parency alone that it is not vifible fooner. From | 
“ mucous tranfparency to-whitenefs there is only 
“ one degree, which fimple evaporation fuflices to 
© produce.—White is therefore the original colour 
‘ of the animal, and mucous tranfparency feems 
“to conftitute its original ftate.’ You fee wha¢ 
I then faid of the integuments, which are at firft 
io tran{parent that the external parts which they 
inveft appear perfectly naked. Therefore it feemg 
fuficiently evident, that fluidity and tranfparency 
conftitute the firft {tate of an animal. In diffea 
rent paflages, I have taken care to obferve, that 
this fluidity is but a fimple appearance, and only 
marks the extreme delicacy, or the wonderfu} 
finenefs of a texture already organized. Now, 


if 
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if the folids of the chicken are originally fo deli 
cate and tranfparent, how much more ought they 
_ to be fo in infufion animalcula, which, when fully 
developed, are but infinitely minute drops of 
tranfparent jelly? Thus, to guard organifed be- 
ings again{t impreflions of the elements, no more 
is neceflary than encreafed minutenefs and tranf- 
parency. Thofe animalcula of the lower claffes; 
fo extremely minute, and which, according to 
you, afe as ants to whales, are perhaps them- 
felves as whales compared to many other ani- 
malcula. It may be fo {mall that our beft mi- 
crofcopes can never bring them into view. Pro: 
bably we fhall always be ignorant of the laft 
terms into which organized matter can be divid- 
ed. Somewhere I have faid, the confines of the 
microfcopic world alone are difcovered. © 

VII. You were naturally induced, my worthy 
correfpondent, to make the fame refearches on 
feeds expofed to heat as you had made on ani-« 
malcula. Iwas very earneft that you fhould at- 
tempt fimilar comparifons between the two kings 
doms, which I have before mentioned. “Your 
letter prefents interefting refults, which fhall oc: 
cupy me a few minutes. 
- lam not furprifed that buck-wheat and maize 
germinated in veflels hermetically fealed, or that 
their vegetation foon ceafed.- The little air ins 
cluded would Serve for the firft expanfion of the 


germ, 
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germ, but would not be enough for its farther 
developement. So {mall an atmofphere muft 
foon be furcharged with vapours and exhalations 
injurious to the young plants. Every thing that 
vegetates requires renewal of the circumambient 
air from time to time. The want of it is more fen- 
fibly felt. by vegetables of the higher clafles than 
by thofe of the loweft. Thefe, I fhould conceive, 
would vegetate better in veflels hermetically feal- 
ed than legumes, and more efpecially ligneous . 
plants. The higher a vegetable ftands in the 
{cale of organization, and the more complicated 
its life, it depends on a greater number of condi- 
tions, and conditions more diverfified. 

VIII. From your firft experiments on feeds expol- 
ed to the action of boiling water in veflels hermeti- 
cally fealed, it follows, that two minutes boiling 
does not prevent germination ; but it is otherwife 
where they have been expofed two minutes and 
a half. It is very remarkable that the difference 
of half a minute fhould prevent germination: and 
this fa&t tends to prove how much the duration 
of an experiment affects the animal oeconomy. 

In this refpect, you have not obferved any dif- 
ference between feeds in open veffels and thofe 
hermetically fealed : Neither of them exhibited 
any fign of germination when boiling was protrac- 
ted above two minutes; which fhould have happen- 
ed after you had afcertained that {ceeds germinate in 

veflels 
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veffels hermetically fealed. Here, then, the hers 
metic feal was a matter of indifference. | 
You remark, that the period of germination is 
proportioned to the duration of the experiment: 
'The fhorter it is, the more immediate the germi- 
mation : a confequence which it was eafy to fore- 
fee. As extreme heat is unfavourable to vegeta- 
tion, it fhould naturally be retarded in the feeds 
Jonger expofed. he 
You alfo faw many more plants germinate of 
thofe in open veflels than in veffels hermetically 
fealed. Both were indeed expofed to the fame 
heat; but the air in the open veffel could be re- 
newed. The plants there fhould on that account 
have continued vegetating, while their vegetation 
foon ceafed in the clofe veflels, which in faa you 
have feen. | | 
IX. From all your experiments, a general and 
comparative refult is deduced. ¢ It is not with 
é feeds as with animalcula. ‘The production of 
¢ thefe is more immediate, in proportion as the 
€ heat is more intenfe: with the others it is pre- 
« cifely the reverfe.” The vegetable organic fyf 
tem differs greatly from the animal. The laws 
of the one are not thofe of the other. The prin. 
ciple of the motion of the fluids is not the fame 
in both: they are not nourifhed in the fame 
manner ; nor are their origin and developement 
fubject to the fame reftricttions. It is true, we 
dilcover 
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difcever many analogies between the animal and 
the vegetable. ‘This is a fubje@t which has em- 
ployed me, p. 10. Contemplation de la Nature. 
But, amidft all thefe refemblances, how many 
diffimilarities are there? The time is not yet ar- 
rived when we fhall be able to extend experi- 
ment as far as it may go. Nor have experiments 
and obfervations hitherto been fufficiently nume- 
rous and diverfified. ‘They have been made but 
for a day ; yet what an aflemblage of unexpected 
facts have been obtained! Still are we ignorant 
of the character effentially diftinguifhing an ani. 
mal from a vegetable (1). This intere{ting fub- 

| raver (asi 


(1) One of the moft modern phyfiologifts, diftinguith- 
ed by his philofophical refearches, has made a long com. 
parifon between plants and animals, which I fhail here 
abbreviate. | 

‘The difference between the folid parts of vegetables 
‘and the bones of animals is immediately evident. The 
* wood is formed by a layer of bark. changing its Bice. 
‘ The bone by the expanfion of a net-work, all the parts 
‘of which at once expand; and it borrows nothing from 
‘ the furrounding flefh asthe wood does from the bark. 
‘ Every year the wood acquires a new ring, and the full 
‘ diameter is preferved until decrepitude; but the bones 
‘become thinner. Broken bones unite; wood never does. 
¢ The bones are nourifhed by the furrounding parts; the 
¢ wood is an aflemblage of lymphatics providing fap to 

‘ the 
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ject is difcuffed in the laft chapter, part 10. of 
the Contemplation. ‘ Organifed matter has re- 
‘ ceived 


‘the plant. Marrow exifts in the bones of an animal 
‘ during all its life; the medullary fubfance of plants dif- 
‘ appears in a few years. Bones are connected by mufcles; 
* plants have no moveable articulations. 
© There is nothing in plants correfponding to the fenfes 
£of animals. They have neither fenfation nor nerves; 
¢ and being deftitute of this principle of motion, as they 
fare without mufcles, we are neceffitated to afcribe the 
* particular motions fometimes vifible to mechanical 
® caufes. 
‘The courfe of the vegetable fluids is very different 
6 from the animal: there is no circulation, properly fo 
‘ called, in plants. The juices imbibed by the roots afcend 
‘and join thofe imbibed by the leaves: the rifing fluids 
€ do not refemble the defcending. There are no valves in 
¢ the veflels of plants. : 
‘ Animals have a principle which is the origin of their 
¢ motions: the heart is the {pring of the machine, by im- 
< pelling and preferving the impulfe of their fluids. Plants 
‘have no organ fimilar, or which appears to fupply its 
‘place. We cannot be certain that all their veffels are 
‘tubulous. Some, as the utricles, are involved in each 
‘other; and thofe which raife the fap do not refemble 
‘ thofe that convey it back to the lower parts. Plants 
6 oe feveral fpiral veflels; animals have none fimilar: 
and ifinfects have trachez, certainly they are very dif. 
, ‘ ferent 
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£ ceived almoft an infinite number of modifica- 
* tions, and all are as the fhades of prifmatic co- 
‘ lours. 


‘ ferent from thofe of plants, fince in the one they are air 
* veflels, and in the other, veffels for the juices. 

‘ The traces of irritability only appear in certain parts 
‘ of fome plants, and in particular circumftances: We 
‘ muft explain their motions by a peculiar mechanifm, re- 
‘ gulated by the encreafe of the fibre, and efpecially of 
‘ certain parts, as well as by the changes of the fluids in 
‘ their veffels. 

‘ Vegetables do not refpire air like animals: If the leaves 
* were lungs, moft plants would refpire none during win- 
‘ter; and if the trachee were air veflels, they would not 
¢‘ fupply the place of the leaves, fince none are in the bark, 
‘ By the a@ion of light on their leaves, plants decompofe 
f i si acid and give out oxygen gas, which is very 
‘ different from the carbonic acid formed and difcharged 
+ by animals, for the greateft part of that formed by plants 
* in clofe veffels is a produ from their alteration. 

‘ In animals, refpiration is a fource of heat: the detome 
€ pofition of oxygen gas provides the blood with its calo- 
‘ric, and difengages the fuperfluous carbon, by combin- 
‘ing with it to form carbonic acid. But in plants, the 
‘ confequence is different: the carbonic acid which de- 
* compofes by light abandons its oxygen to the caloric, 
_ with which it forms the oxygen gas that efcapes; thus 
* depriving the plant of that fource of heat which it might 
‘ derive from light. Plants indeed form carbonic acid by 


¢ the 
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* ours. We make points, we draw lines on the 
* figure, and this we call a divifion into claffes 
‘ and 


* the combination of their carbon with the oxygen gas of 
“€ the air; but the quantity is very {mall when the plant is 
«in health, fo that the caloric difengaged cannot be great, 
* and it is difengaged at the exterior of the plant. 

‘ Moft animals have a mouth for their aliments. Plants 
* have as many as fibres and pores. There is no refem- | 
“« blance between the food. The ejecta of plants are ge- 
“nerally gafes, which muft be collected and confined be- 
‘fore becoming fenfible. Animals feed only at ftated 
‘ periods; vegetables continually. 

‘ Moft animals poflefs the faculty of emitting founds; 
€ vegetables do not. ) 

‘Can the nocturnal pofition of plants be called fleep? 
6 Ts it repofe or watching to have the leaves turned to one 
¢ fide more than to another, without any apparent relaxa- 
‘tion? How can we fuppofe that the tragopogon watches 
‘ three or four hours, when the flowers are open? It is 
s evident, if the leaves changed their pofition their ftalks 
‘would not be pendant; they are conftantly clofe, and 
$ the leaves float no more than the flowers. 

‘The phenomena of vegetable generation have no 
¢ oreater analogy to thofe of animals. Hermaphrodites 
« are rare in the animal kingdom; moft plants are ftri@- 
* ly hermaphrodites. Very few want vilible fexual parts, 
« but the number of animals deprived of them is very 
& greats 


‘ Animals 
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‘and genera. We obferve the predominant co- 
© lours, while the delicate {hades efcape our no- 
€ tice. 


‘Animals reproduce only after attaining their perfect 
‘ ftate: many plants multiply that are far from it, and 
‘are fecundated though they want leaves. In animals, 
‘the generative organs remain after fecundation, but 
* they fall from plants, which have none the greateft part 
¢ of their exiftence: then they are repaired, and in a dit: 
« ferent place from their original fituation. 

‘ Animals, that reproduce by the concourfe of fexes, 
© propagate in no other manner, whereas plants multiply 
‘ by fhoots and buds, fo that each part of a plant can fur- 
* nifh another complete individual. Finally, the genera- 
‘ tive organ of many becomes the fruit. 

‘The eggs of animals are full of a particular fluid ; 
‘ but feeds of a folid farinaceous fubfiance. : 

‘The number of germs is infinitely greater in the ve- 
‘getable than in the animal kingdom ; few animals re- 
‘ produce by fhoots. 

‘A tree, cut down during winter, will fometimes live 
* till the following autumn, and be covered with leaves 
‘ and branches. 3 

* What animal may be ingrafted on another, as a peach 
* tree on an almond? The graft of a polypus is different, 
* for it is the fame animal growing upon itfelf, 

‘ Animals grow by a proportional expanfion of all their 
€ parts, but leaves, flowers, and fruit, eonftanily remain 
* the fame after evolution. 
vey opel. ag cus r ‘ Plante 
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‘tice. Plants and animals, therefore, are only 
‘ modifications of organized matter : all. partici- : 
| | “pate 

‘ Plants: lofe part of their organs during winter: ftill 
‘they live and*are preparing to refume their original 
‘ftate in fpring. This cannot be compared to the fleep 
‘of marmots,.for in their organs, there is no apparent | 

‘alteration. — 

¢ Berthollet has properly chara¢terifed animal and vege- 

‘ table fubftances by fhewing that the cauftic alkali, which 
< diffolves the former, does not-act on the latter; and that: 
“animal fubftances, with nitrous acid, gave out much 
‘azote, which, in diftillation, produced ammoniac, by 
‘ combining with the hydrogen of water: while vegetables: 
‘ afforded an acid by diftillation, and an ardent {pirit by 
¢ fermentation, which has no refemblance to ammroniac. © 
¢ The fingular work of Girod Chantram is known to me 
‘only by an extra@. Like him, I had obferved the glo- 
“bules of certain confervae of different {pherical figures, 
‘but I found no animality. Thefe refearches were finifhed 
‘long ago. I communicated them to my friend Spallan- 
¢ zaniy and requefted him to repeat fome of my obferva- 
‘tions. He did-fo; but he could difcover no kind of ani- 
‘ mation in thefe plants. ‘The chemical analyfis by Tingry: 
S-of the Conferva Bullofa, and my own of the green fubftance. 
‘ forming in veffels of water expofed to light, produced 
‘nothing more relative to animality than the analyfis of. 
‘other plants. Even admitting the animality of thefe. 
¢ Cryptogamia, I cannot fee how it would prove that 
‘ of other vegetables. Senebier Phyfiologie Vegetale, tom. 5. p- 
“136 
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* pate of the fame effence, but the diftindtive at- 
'* tribute is unknown.’ The animal has derived 
its name from that foul which is confidered the 
fecret principle of its a€tions ; and its exiftence 
is judged by the analogy feen between the foul of 
an animal and the foul’of man. We fhould endea- 
vour to difcover the precife decree of organiza- 
tion when the capacity to be animated terminates ; 
or, which is the fame thing, at what degree a 
foul cannot be united, to compofe that kind of 
identity which we denominate a mixed: being. 
For, if in the quality of a phyfical Being, the 
animal differs eflentially from the vegetable, this 
eught to arife from that part of its organization 
which conilitutes- its phyfical animality. The 
nerves are the part which apparently render an 
animal animated. By their offices is the mind 
fentient and active: they are intermediate between 
the foul and the body. * By means of them, the 
eee e. mind 


é 183, The reputation of M. Senebier is well known, and 
his opinion muft have great influence on naturalilts. His 
arguments againit the animation of plants will be found 
‘more at large i in the original work. Some of them how- 
ever may be liable to objeaion, although the reft are 
well founded. Hooper’s s Occonomy of Plants, and Darwin’s 

Ph isihigte: contain many principles oppokite to M. Sene- 
bier’s. Both works merit high contideration, as they def- 
cend minutely into vegetable properties. The precife ter m 
when animality terminates is yet uncertain, nor wiil gen 


neral rules to find it be eafily given.—T: 
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mind conceives the impreffions of objects ; by 
them does it act on the members; and, by the 
members, on every different thing. We cannot 
conceive that a foul fhould be united to a por- 
tion of organic matter through which no im- 
preflion could be tranfmitted; and it can be 
eafily imagined, that mind may refide in every 
portion of organized matter provided with nerves 
er any thing analogous. Real nerves have not 
hitherto been difcovered in the vegetable ; but it is 
no reafon to fuppofe them abfolutely deftitute of 
either nerves or fomething analogous. You have 
read what is faid, Part 10. ch. 30. 31. Contem- 
plation de la Nature ; and in Part 4. de la Palin- 
genefie ; to which I have nothing to add (1). 

a. TF 


(1) Thefe reflections, on the diftinG@ions between the ani- 
mal and vegetable, cannot be more profound or logical. 
By means of the difference, the author apparently means 
to infinuate, that we ought not to be furprifed that heat 
has fuch oppofite or various effects upon animals and ve- 
getables. But this difference may be fatisfaGorily eX- 
plained, without recurring to the diflimilarity between 
the two kingdoms, which I told M. Bonnet in the follow- 
ing paragraph of a letter: ‘ When obferved, that the 
6 fame refults did not proceed from my experiments on feeds as 
© on animalcula ; that the longer the action of heat is continued on 
® the latter, their origin is the more immediate, and the number 
. greater 3 and that the reverfe happened to the former in the 


‘ fama 
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X. If the conje€tures I have already hazard- 
ed have any probability, it ought to appear more 
furprifing, that feeds fupport the heat of fand at 
185 and 212°, without lofing the germinating 
power, than that the germs of animatcula may 


Brig expand 


* fame fituation, I only related a fa@, which may be ac- 
* counted for without recurring to the difference between 
‘ animals and vegetables. The continued action of heat 
© obftrudts the expanfion of vegetable feeds and infufion 
‘animalcula. This my experiments have proved. But 
* if it fhall happen, that after a certain period the infufions 
* are full of animalcula, it is evident they do not owe 
‘ their exiftence to germs, which have been expofed to 
« heat, but to feme precipitated into the infufion after it 
‘has cooled. Therefore animalcula are produced by new 
‘germs: but feeds not having the fame advantage, it is 
*no wonder that thofe which have fuffered the a@ion of 
“heat do not germinate. Were they fufpended in the air, 
‘as animalcular germs probably are, plants would un- 
* doubtedly be produced as well as animalcula. ° 

M. Bonnet is now of my opinion. “ I fubferibe,” he 
replies, “ to your reflections on the difference between 
“« vegetable feeds and animalcula which have been expofed 
“to boiling heat. You have truly good reafon to fay, 
“ the higher clafs of animalcula, which are produced af: 
“ter boiling the infufions, do not come Bak germs 
‘S which have endured fuch violent heat, but from thofe. 
“that have fallen from the air after the infufion has 
“ cooled.” 
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expand: after enduring the heat of ebullition. 
As thefe germs feem incomparably more deli- 
cate than thofe included by feeds, our: furprife 
muft augment in proportion to the increafing de- 
licacy of the organic wholes, on which thefe ex- 
periments are made; yet, in my opinion, this 
excellive delicacy of texture is the very thing 
that will protect them from the action of heat. 
The germ of a bean is large in comparifon to 
the germ of an animalcula; thus it fhould fuffer 
much more from heat ; and, as more extenfive 
portions are prefented to this element, its action 
fhould be more powerful, However, we are not 
{ufficiently acquainted with what conftitutes life 
in the germ of an animalcula, or the embryo of 

a nat to be enabled to judge corretly of the 

matter. By your experiments, and thofe of M. 
Duhamel, we learn that feeds do not lofe the 
germinating faculty at 212°, and even 234°, of 
Fahrenheit’s thermometer. Senegal i is not with- 
out vegetables: there the ther mometer often {tands 
at 122°, or 133°, in the fhade; which will make 
the direct heat of the fun 212° or 222°, according 
to the experiments of Prefident Bon of the Mont- 
pelier Society (1). Thus, there are vegetables 
| produced 


(1) Thefe experiments were fallacious, becaufe they. 
were made without the neceflary precauticns, In fyma 


mers 
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produced by nature there, at a degree of heat far 
fuperior to that of all other climates. Your fand, 
continually heated to 212°, was a Senegal i in mi- 
niature, where heat was more conitant, and 
where the natural viciffitudes of day and night, 
which occur in the hotteft climates, to the great 
relief of plants, were not admitted. We mutt 
agree that this heat of 212°, to which different 
feeds were expofed, was unfavourable, fince only 
one germinated, while thoufands of animalcula 
develope at boiling heat: a fact which excites 
‘fome reflections on vegetation CY). 
Whatever may be the fecret mechanifin of ve- 
P 4 3 getation, 


mer, the difference of the heat in the fun and the fhade 
is only 2 or 3°. Note by M. Bonnet to the collection of 
his letters.—T. ) | 


(1) This is certainly true of the firft refult fent'to M. . 
Bonnet. A fingle bean was the only feed that germinated 
after fuftaining 212°. But, fome others of many that had 
been expofed to the fame degree, alfo vegetated. I may 
obferve, that the fand in which they were heated did nat 
confiantly preferve 212° of heat, as M. Bonnet fuppofes, 
probably becaufe in my narrative to him of the experi- 
yments, I had not expreffed myfelf clearly ; ‘for I only 
meant, that the heat was fucceffively increafed to that 
of boiling water, or 212°, for the feeds were then taken 
érom the hot fand. ‘This obfervation in no meafure leflens 


the excellence thor’s reflections on vegetation. 
tt I] of the author’s reflect getat 
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getation, it is very certain, that its laft effect is to 
extend the plant in every way, and to increafe 
the fize. ‘This fecret I attempted to penetrate, 
Part 7. ch. 7. de la Contemplation de la Nature ; 
and my fentiments, on a fubject fo obfcure, have 
been a little extended, Palingencfie, part. 11, 
«The extenfion of the fibre infers that its 
“ parts can change their relative pofition ; that 
* they may recede from each other, but within 
¢ limits, and thefe limits are the bounds of incre- 
“ment.’ If we fuppofe that the elements of the 
vegetable fibre are united by a fort of gluten, 
which allows them to flide more freely on each 
other, and thus to admit of their feparating toa 
certain degree, we may conceive how the heat of 
212°, or 232°, fhould tend to infpiflate or co- 
agulate the glutinous matter, and to diminifh, or 
even deftroy, its motion. ‘ The animal or vege- 
* table gluten,’ I continue in the Palingenefie, 
‘is the natural connection of all the parts whe- 
‘ ther original or acquired. It merits the great- 
< eft attention. Doubtlefs it is the principal . ba- 
‘ fis of the affimilating or nutritious fubftance of — 
* plants and animals.” Mutt it not be wonderful- 
ly fine in the lower orders of animalcula? In- 
proportion as the plantula receives new juices, 
it difcharges thofe fuperfiuous, by fenfible or in- 
fenfible tranfpiration, which operates by means 
of the moft minute fecretory veflels, whofe ac- 


tion, 


~, 
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tion regulates the fecretion. For this, a certain 
heat is required ; if too powerful, the quantity 
evacuated is no longer proportioned to the quan- 
tity imbibed, which muft be prepared in the vif- 
cera. Excefs of tranfpiration debilitates the 
plant, it infpiflates the fluids, dries and contracts 
the veflels, and at Jength prevents circulation. 

The vegetables which perfpire little fhould 
undoubtedly fuffer moft in experiments fuch as 
your’s on feeds: fuch, for example, are ever- 
greens. You know the celebrated Hailes has 
proved that thefe trees perfpire much more than 
others. Their fap feems more vifcous, therefore 
has greater tendency to thicken and coagulate by 
heat. 

In Article 168, des Corps Organifés, 1 obferved 
that we are yet ignorant of the power fecretly 
governing the motions of the fap. It does not 
refide in the leaves alone; the bleeding of the 
vine affords cogent evidence of it. Branches 
which had been intentionally dried, and no long- 
er would raife coloured liquors as other branches, 


-yet green, and without leaves, raifed it perfetly : 


Thefe branches, I fay, fufliciently prove, that 
the courfe of the fap depends on fome fecret mo- 
tion of the veffels, which is deftroyed when they 
are dried. But 212° or 232° apparently are not 
enough to effect complete deficcation of all vegee 
tables ; fome expand in a certain meafure even at 
this heat, Thefe curious experiments certainly 


merit 


Sanaa 
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merit repetition, extenfion, and variation, much 
more than they have hitherto received ; ; and here 
you have done well. | 

Excefs of heat tends to deity J the effential 
qualities in the nutritive juices of the plant ; and 
the alterations thence confequent ‘are-a natural 
caufe of its death. Ancient philefophers would 
have faid, extreme heat took away the radical hu- 
raidity of the plant ; and although the expreffion 
3s not ufed by the mederns, it is good fenfe. 

XI. Your experiments on mould have excited 
my attention very much. When the vegetation 
ef thefe minute plants ceafes, in veflels hermeti- 
cally fealed and expofed to the ation of heat, it 
is more than probable that the numbers, which 
appeared on vegetable fubftances that had boiled 
from half an hour to two hours, came from the 
ambient air. The feeds muft be of fuch extreme 
minutenefs that we cannot wonder if they pene- 
trate wherever air has acceis. Thefe vegetables, fo 
very {mall, are, m the vegetable kingdom, what. 
animalcula are’ in the animal. ~Once, my dear 
friend, 1 wrote to you how earneft I was that 
fome. one fhould perfect’ the: botanical microf- 
cope. How many interefting fingularities would 
it not prefent? and how incomplete is it ftill? 
Weare acquainted with the large and the middle 
fized vegetables. -The moft able ‘botanifts have 
carefully defcribed the chief external parts. 

The 
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The Anatomy of Plants, by Malpighi and Grew, 
and Duhamel’s Phy/ique des Arbres, have in a 
-amanner traced the hiftory of herbs: and trees. 
‘They have communicated much information on 
the ftructure and ule of flowers, feeds, and fruits ; 
and they have brought the principal vifcera of 
the plant into view. The Vegetable Statics of 
. Hales teach us the power of leaves, or their 
‘principal province in the mechanifm of vegeta- 
tion. “Les Recherches fur l’ufage de Feuilles have 
added *fome facts to the number already known. 
‘But the botanical  microfcope has not made the 
fame progrefs, becaufe it has not been fo much cul- 
tivated; and becaufe it requires eyes made on pur- 
pofe. What we owe on this fubject to Hook and 
Micheli, though precious, is very little in com- 
parifon to what we might expect from the afli- 
duous refearches of our beft obfervers.. Here are 
the terre auftrales of the vegetable world, as ani- 
malcula are thofe of the animal. How much may 
the figure, the nature of life, the manner of nu- 
trition, increment and propagation of microf- 
copic plants, ftimulate the curiofity of a natural- 
ift who can obierve and reflect ! How much does 
the economy of this part of the vegetable king- 
dom, fo confiderable and fo little known, differ 
from the other parts of it! How great is the ha- 
gard of error by taking analogy for our guide! 
Let us judge them by the real and improbable 

ag facts 
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facts which the different clafles of polypi have 
taught us, and which have created fuch a reform 
in our ideas of animality. Perhaps microfcopic 
plants would occafion a fimilar reform i our 
ideas of vegetation. I with a fociety of botanifts 
would engage in the ftudy of thefe plants alone. 
What do I fay, ‘ mould’ only would demand 
their whole attention. Nothing is better adapted 
to make us forcibly feel the narrow limits of our 
corporal and mental abilities than applying to re- 
fearches on the moft minute produtions of nature. 
All the fineft faculties feem to vanifh at the root 
of a {talk of mould. 

If mould appears fooner, and more abundant, 
on fubftances that have boiled long, perhaps it 
is becaufe boiling prepares them in a manner fi- 
milar to what we prepare the earth by our la- 
bour. Ebullition, feparates them more, multi- 
plies the furface, opens new pores, forms new 
channels for admiflion of the air and the like. 
Internal changes may alfo be occafioned in the 
fubftances favourable to the generation and ex- 
panfion of mould. Finally, a certain degree of 
heat, which boiled fubftances preferve for a time, 
may tend to accelerate the germination of mould, 
and to increafe its multiplication (1). 

| I 
{1) When M, Bonnet made thefe excellent reflections on 
the botanical microfcope, I had not communicated any 


thing 
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f cannot leave mouldinefs without a reflection 
which I made only a moment before; that one 
could not make ufe of analogy here. More than 
once have I had an opportunity of applying the 
fame reflection to the polypus. The naturalifts, 
who ftudy microfcopic plants, fhould therefore 
be very referved in their opinions of the various 
fingularities they prefent to view. If real logici- 
ans, they will not infift on transferring the ideas 
applicable to vegetables of the higher claffes to 
thofe of the lower. Nature has not been reftric- 
ted to work always on the fame models. Thefe 
have been infinitely varied by the Divine Author. 
Obfervation alone can difcover the direction 
which nis wispom has prefcribed to Nature, re- 
lative to the different clafles of organifed beings. 
The bounds to view and review are here; and 
individuals muft only be compared with the near- 
eft fpecies. Who knows that all mouldinefs ac- 
tually belongs to the clafs of vegetables? Who 
knows but there may be fomething whofe forma- 
tion approaches nearer to chryftallization than 
evolution? The fame may be faid of many other 
analogous productions, whofe properties have not 
yet been inveitigated. It is not impoffible that 

feveral 


thing’on the fubject ; beeaufe only one or two refults on 
the plants had been obtained. But I had occafion after- 
wards to penetrate the matter deeper, as will appear by 
my obfervations and experiments on the origin of the 


plantule of mould. 
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feveral of the productions which botanitts clafs 
among plants, may approach nearer to the mis 
neral than the vegetable; at leaft they may be 
the fhades between the two. Among thefe plants: 
probably are modes of multiplication and incre- 
ment that have not the moft diftant connection 
with thofe of vegetables the beft known to us. 
XH. lam delighted, my dear Malpighi, that. 
you have confirmed M. de Saufflure’s fingular 
difcovery concerning the mode in which many in« 
fufion animalcula propagate, and which | have 
publifhed in the fecond edition of La Palingenefie, 
p. 426, 427. Though the figures that accompany 
your letters are only fimple fketches, they are fuffi+ 
cient to fhow that thofe animalcula, whofe propaga 
tion you have attended to, are of the clafs of polypi 
(1). This article has given M. Trembley much 
pleafure,and brought to his remembrance thecluf- 
ter polypi, which he firlt difcovered, and. defcribed 
fo well in his works, and of which I have faid 
much in my three laft treatifes. Wrifberg has: 
- alfo feen thefe very minute. polypi in infufions, — 
and given good figures of them; but he has not 
obferved their mode of multiplication. When 
one confiders the different figures we have of fe- 
minal 


(1) My obfervations on the propagation of animalcula 
were only in their infancy at the time 1 communicated 


them to M. Bonnet. 
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minal vermiculi, he will be induced to believe: 
they approach thefe minute polypi, if they are not: 
actually polypi.. I fhould have earneftly. with-- 
ed that a laudable fcruple had not prevented: 
you from examining the feminal vermiculi of dif. 
ferent animals. Your defcriptions would’ have. 
been more. exact than any hitherto given, and. 
you would have difcovered many. peculiarities. 
which efcape eyes lefs practifed and lefs philofo- 
phic than your’s (1). I can recolle& that Mr 
Needham beftows fome reproach that you did noe 
inveftigate the animalcula on which he dwells 
with fuch complaifance. ‘The ftrange ideas that 
pofiefled him. during his obfervations are not very 
fit to fatisfy us of the truth of his obfervations. 
I would recommend .a more profound and im- 
partial enquiry.. 

Among. the animals that occupy ‘the lower 
{eales of animality, none fo numerous or diverfi- 
fied as the polypus are known. -The liberal hand 
of Nature has difperfed them every where. The 
carpet, thus to fpeak, the bottom of pools, ri- 
vers, lakes, and feas, and they are even found in 
infufions.. No one could have fufpected this: 
nor would we have fuipected all the acceflory 
faéts which thefe minute animals have exhibited 

Mm - 

(1) Ihave endeavoured, as far as in my power, to fe 

tisfy the curiofity of my illuftrious friend, in the tra& 


omthe feminal:vermiculi of man and other animals, 
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in latter times. Did not your iluftrious coun. 
tryman, Marfigli, imagine that the hitory 
of corals, corallines, and lithophytes, befides 
many other productions, taken from real plants, 
would one day be the hiftory of a very minute 
animal? This is a moft mftructive fact to the 
philofopher : it prefents the progrefs of the hu- 
man mind, in the fecret of Nature’s truths. I re. 
marked, page 393, Tom. 1. de la Palingenefie ; 
© One difcovery begets another. The intellec- 
‘tual world, as well as the phyfical world, has 
‘ its generations, anid neither are more real geé- 
‘nerations than the others. By attention, the 
‘mind difcovers pre-exifting ideas, to ufe the ex. 
« preffion, in other ideas. By refletion, the pof- 
* ibility of a fa&t is deduced from another fac 
© actually exifting ; and by experiment, the pof- 
¢ fibility is realifed. ‘Thus when an acute perfon 
© obtains a fat, he obtains the firft link of a 
¢ chain on which other links, alfo facts, depend.’ 
This is the generation of ideas, which Encyclo- 
pedical Ditionarifts ought to place before us, 
but never do. It would require much more art 
to explain fuch intellectual generations chan 
what is employed in compofing thefe huge com- | 
pilations. A good hiftory of the human mind 
would be that of the generation of its ideas of 
every kind; and it would be the bafis of that 
% ~— de ? Attention which 1 formerly prefent- 

ed, 
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ed, and-is mentioned, § 279, de PEffai de Ara. 
lytique furl’ Ame, and Art.-20, de P Analyse Ab- 
regée, tom 1. Palingenefie. © We want a‘book,’ 
I there obferved, “* and that ‘book would be the 
‘ moft ufeful thatthuman genius could invent ; it 7 
‘would ‘be a Hiftoire de I’ Attention. If well 
‘<compofed, and maturely ftudiedf it would over- 
‘turn all logic; that is, it would’be logic reftor- 
‘ed to action.’ | 
In my three laft writings, Phave infifted much 
on the important leflon afforded by polypi, con- 
cerning the imaginary general rules of analogy. 
In chap. 16. part 8. de la Contemplation, 1 faid, 
‘ This is not the time-to form general rules, to ar- 
‘yange nature.... to raife.a ftru€ture which fu- 
‘ture ages, more learned and more philofophical, 
¢ will even hefitate to project. When we fearce- 
© ly knew the animal, we undertookto define it : 
‘now, when a little better acquainted with it, 
‘ fhall we prefume to fuppofe we know it com- 
‘ pletely ?.... How many animals ftill more extra- 
* ordinary than the polypus may exift, and may 
“confound all our reafoning if we fhould “happen 
‘to difcover them! ‘We fhall ‘then ‘have to in- 
‘venta new language to delcribe our obferva- 
“tions. Polypi are ‘the extremities of a new 
“univerfe which one day will have its Columbus 
*and Vefpucius. Is it tobe conceived that the 
interior ef a country has been penetrated with 
Vou. I. Q. * only 
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‘ only a diftant view. of its confines? More fub- 
‘lime ideas of nature will be formed by confi- 
‘dering her as an immenfe whole, and. being 
‘ convinced that our difceveries are but. of the 
‘ moft minute portion of what the includes, Our 
‘ aftonifhment will increafe, but we fhall obferve ; 
‘ we fhall amafs new facts, connect them if pof- 
‘ fible, and attend correétly to every thing.’ 

It feemed proper to recur to thefe logical re- 
fleCtions, part 10, de la Palingenefie. There J at- 
tempted to retrace and unfold my principles fur- 
ther on organic preformations. Four kinds were 
eftablifhed ; and that my reader might not fup- 
pofe that I confidered thefe genera univerfal, 
Tadded, ‘ One ought not to infer from this, 
‘that all {mall animals are at firft envelop. 
‘ed in one or more integuments, or in eggs. 
“It would be deducing top general a. confequence 
* from fpecific faéts, ‘The Author of nature has 
‘ fpread fuch a vaft variety throughout, that we 

‘cannot define general conclufions too well. 

‘ How many new and unforefeen facts have de. 
‘ ftroyed conclufions which a {trict logician would 
£ not acknowledge ! !—The clutter polypus is an- 
* other exception much more fingular ; and is an 
< additional conviction of the uncertainty, not to 

‘ fay the falfity, of our general conclufions, In- 
¢ fyfion animalcula will be other exceptions ; and 
‘ very probably, what was taken for eggs in them 
é ig 
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* is not fo.—The ideas of animality, applicable 
* to the higher clafles, are too confidently tranf- 
* ferred to the lower.—How abfurd would it 
* be to confine nature in the limited circle of our 
* feeble conceptions! I avow then, that all I 
© have faid on the different kinds of organic pre- 
* formations, chiefly regards the fpecies beft 
‘ known to us, or an which we have been able 
‘to make exact and connected obfervations. I 
© confefs myfelf ignorant of the lawe which regu- 
* late the evolutions of thofe numerous micro- 
* fcopic beings, whofe exiftence, and nothing 
§ more, is difcevered by our moft powerful mag- 
© nifiers, and which belong to another world, 
* that may be called the world of inwifibles.’ 

Thefe paflages are tranferibed, my dear friend, 
becaufe we cannot fortify ourfelyes, and our fel- 
low naturakits, toe well againft the feductions of 
analogical conclufions. — If it is fufhiciently evi- 
dent, that we cannot refer the propagation of 
polypi by natural divifien to any known kind of 
organic preformation, furely we ought to re- 
nounce the profpeét of explaining their genera- 
tion by the generations exhibited by other ani- 
mals. If we are unable to divine this new mode 
pf muitiplication, we ought thence to conclude 
that many others may exift. in the animal king- 
. ge, of which we can ferm no idea. 

se Q 2 Therefore 
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‘Therefore it appears, that abiding by the faéts 
beft known, and aided by found philofophy, we 
have reafon to affirm, that oreani/ed wholes are not 
daily formed by a fort of fecret mechanifm, or 
that they are not prefently generated. » This we 
may admit, at leaft it is very probable, that they 
have been preformed from the firft: but we 
fhould beware of prefuming that we know every 
mode in which the AutrHor of nature has ori- 
‘ginally preformed the multitudes of organifed 
beings peopling our planet. The propagation 
of the cluiter polypus, and other polyp fimilar, 
is far.remote from the generations moft famili- 
ar to us; neverthelels, ftrange as it appears, 
it has a conftant regularity and uniformity, 
which is not fallacious, and muft convince us 
that it is fubjeCted to fixed laws, as every other 
mode of propagation, which new refearches will 
demonftrate more and more. If all the produc- 
tions of nature are conneéted by a continued 
chain, it necefiarily follows, that the generation 
‘of polypi is attached to thofe of other animals 
‘py certain links which we are not yet wile enough 
‘to difcover.’ The whole of thefe generations 
fhould poffefs fome common or very general cha- 
racter, which is as a centre to which all con- 
‘verge. This centre probably conceals a general 
preformation. If it exifted in animals forming . 
‘mechanically, they would not converge to this 

common 
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common centre; they would be diftinguithed 
from all the reft by. a fpecifie chara€ter, or one 
which would affect the effence of animality. 

I have remarked; if man, and the animals 
which we efteem the moft perfeét, propagated 
after the manner of polypi and pugerons; in a 
word, if we had never feen animals in copule- 
tion, could. we have fufpeéted that generation was 
effected by the concourfe of the fexes ? Could we 
have imagined that; for the produdtion of an in- 
dividual, the concourfe of two individuals of the 
fame {pecies was neceflary ? But from the propa- 
gation of all the large animals by copulation, it 
had been precipitately concluded, that it was 2 
general law for the propagation of every {pecies. 
Becaule it had been obferved, that all known 
animals grew; after iffuing from the womb of the 
mother; with the fame precipitation, it was con: 
cluded that it muft be fo with the whole animal 
kingdom; . The /pider-fly has proved it falfe (1). 
‘Thefe {triking examples, and others which I have 
_ elfewhere cited, are well adapted to perfe the 
logic of the naturalift, and to make him referved 
in his opinion on the ways of Nature. Iam fo 
much fatisfied with the principles of this logic, 
that it would not furprife me if, in our feas, there 
was one day difcovered-a fpecies of whales or 

Qa. : marine 
(1) Contemplation de la Nature, part g. ch. 3.04: 
Corps Organifés, Art. 323. 324. 
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marine montters, propagating in a manner alto- 
gether different from that hitherto feen in the 
fame clafs of ‘large animals. The fea probably 
contains prodigies of this kind, which would no 
lefs: aftonifly naturalifts than polypi have done. 1 
repeat, that natural hiftery, treated by a ‘fkilful 
philofopher, will ere ee — moft convin- 
cing reafoning. — Bre 

All ovr phyfical knowl edge chiefly 7 re{ts on 
analogy ; where this is wanting, or too imperfect, 
we fhoulé diftruft explications er hypothefes 


founded upon it. Hlow many different claffes of 


polypi have little analogy with other animals? I 
cannot but applaud the prudent referve of my 
iluftrious friend M. Trembley, who was unwil- 
ling to hazard ars explanation of the polypus, 
though. he difcovered it, and has fo ably de- 
icribed the figure, habits, regeneration, and pro- 
pagation.. His excellent memoirs are a real logi- 
cal' phenomenon of this defcription; fer how is 
it poffible continually to: defcribe wonders with- 
out yielding to the temptation of accounting for 
them? I fhould have to reproach myfelf with not 
following his-example, had. I not taken the great- 
eft precautions to prevent my readers from con- 
founding my trivial’hypothefis with facts. I have 
‘not even. hazarded an explanation of the arm. 
polypus, excepting in thofe things that feem to 
5 teat ae them to vegneanles. An. error re- 

- marked 


& 
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marked by M. Trembley in one of my explana- 
tions muft be pointed out. It formis part of a long 
— letter which I wrote you, 1 November 1766, on 
animal. reproduétions, which at my defire you 
have communicated to the public in one of yout 
notes on /a Contemplation de la Nature; but you 
beftow too much praife on my fincere avowal of 
the error; for in one as fallible as me, there is 
little merit in publicly acknowledging he ha: 
been deceived. I faid fo at the end of the Pre- 
face to Confiderations fur les Corps Organifis. 
One ‘I have erred’ is worth more than an bun- 
dred ingenious replies. You have aifo feen that 
IT guarded againft an attempt to explain the cluf- 
-ter polypus. . On thefe in particular, and en po- 
-lypi in general, 1 have publifhed Pdilofophica! 
‘Confiderations, where materials are colicéted for 
elogic to be employed by naturalifts. Thefe oc- 
_cupy the three laft chapters, Part 6. of the Coz- 
-templation. The intelligent reader, who takes 
the trouble to read and meditate on them, will 
-find good .prefervatives againit precipitate judg- 
ements. © What analogy can apply in the examina- 
-§ tion of the bulb-polypus? Can we even define 
* the bulbs, or does this name exprefs more than 
‘ their mere appearance ? How can analogy eluci- 
.£ date the nature of thefe minute bodies, the man- 
-*ner in which they engender or are engendered, 
“* while nothing is prefented either by the animal 
Q 4 Or 
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* or vegetable kingdom bearing the fmalleft re- 
« lation to.produétions fo :different. from:all thofe 
‘ hitherto known? I fay. the fameof tlie natural 
¢ divifion ofthe ‘bell, and the fections of the arm 
‘ polypus.. Here is an order of. things entirely 
‘news with particular laws; which we might dif 
“ cover if we had any metlrod: of. penetrating in- 
‘ to.the mechanifm:of thefe minute beings. We 
‘ fhould ‘then fee the relations: connecting them 
‘ to the other parts of the organic fyftem.... But 
‘] would not banifh analogical method from 
‘ philofophy; it conduéts itfelf to obfervation by 
‘ the ideas witichs it» aflociates ons every fubjec. 
‘I: only mean, that. this method,. otherwife of 
‘ great. general utility, cannot be applied to phi- 
‘ lofophy with too much-circumfpeétion. ... Have 
“we ever had a good treatife on analogy, though | 
‘ the want has been. fenfibly felt?: We shall be. 
‘indebted. to. fome. philofophic naturalift for it. 
‘ Analogy is connected withthe dodtrine of hy- 
‘ pothefes and probabilities.;:1in proportion as our 
‘ knowledge extends and_is perfected, .all proba. 
‘bilities will. approach :to certainty.. Could the 
‘ totality of beings on. our globe be comprehend- .- 
“ed, naaleanery reafoning. would be. seasecnnnal 
* tion.’ 

M. Trembléy:has may approved thefe Phi. 
lofa ophical Confiderations. on. Polypi; and. his ape. 
probation flatters.. me. the: more.as it is not.indif- 

criminately, 
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eriminately beftowed. He writes to. me, * The 
fyftem of Epigenefis is abfurd ;. he nota not 
with to be obliged- to. explain: any. fa&;.’ and 
adds, * that. he: would: rather collet a certaia 
number, and then make. fome-refleCtions, which. 
would juftify his referve.’ 1 earneftly with this 
excellent obferver would: realize his-fentiments, 
and give us:the reflections: which various polyp 
-have excited: but notwithftanding the interval 
of many years fince I folicited him to refume the 
pen, L have not-yet:been able to obtain a fingle 
page.. Domeftic ogcupations of much: greater 
importance prevent him from again, beginning 
his works on natural hiftory:, he has. refigned 
this department to. me, and I endeavour to acquit 
-myfelf as well as poffible...: : 

I have paid particular attention to. that. para- 
graph af, your letter, my.efteemed correfpondent, 
where it is faid- you have feen the propagation of 
infufion animalcula by. divifion into parts... Does. 
this mode of. propagation differ from that of the 
other animaicula- which you have obferved divid- 
ing through the middle of the body? I have like- 
wife to afk, whether it is inftantaneous or. gra- 
dual ? If the latter, it.will.return to the divifion. 
and fubdivifion of bell-polypi; if the former, it 
will be a new and moft wonderful. manner of 
-propagation. Neverthelefs, it is referrible to that 
which M.,de Sauflure defcribes in his letter, pub- 
lifhed. 
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lifhed page 428 of the Palingenefie. * All the 
© changes are miade by imperceptible degrees, and 
* without the animalcule or revolving machine 
* changing its place. At laft the motion is ac- 
© celerated ; and where the {phere appeared even, 
‘ you begin to fee two crofs divifions, as on the 
© hufk of chefnuts ready to open; a little after- 
* wards the animal is agitated, and then divides 
« into four —— ny fimilar, but fmall- 
Ser," | 
An ssiptsieamt deans is made in this wie 
which you will not fail to notice in your new 
differtation. M. de Sauffure fupplies Mr Need- 
ham’s defective information on his difcovery. 
‘Doubtlefs, in four years which have paffed 
‘ fince I communicated this obfervation to Mr 
‘ Needham, he muft have forgot that I conftant- 
‘ly obferved the parts of the divided animalcule 
© become as large as the whole which they had 
‘ compofed; fo that the fame conftancy and uni- 
¢ formity are preferved in thefe. generations as in 
‘ the reft of nature.” How much have I myfelf 
infifted on the conftant uniformity of this new 
order of propagation. We may almoft fuppofe, 
‘Mr Needham has taken that part only of the dif- 
covery which he mentions, we feemed oe. 
able to his theory. 
XIII. You terminate the abftrade of your ob- 
fervations, my dear correfpondent, with a gene- 
ral 
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ral reflection, subiabs, if theré was any neceflity, 
would prove that you know when to fufpen: 
your judgment on what is prefented to view in 
the extenfive field of Nature. ‘ The refults of 
« my obfervations;’ you tell me, “do not appear 
“ fo decifive, in favour of the theory of germs, as 
‘1 at firft conceived. That clafs of germs which 
* doe’. not perifh at boiling heat, while the ani- 
‘malcula produced by them die at 106° and 
* 108°; thefe germs, I fay, embarrafs me a little. 
_* Yet when the reafons on both fides are balanc- 
‘ed, it would feem that my experiments are 
* more in favour of germs than of the imaginary 
‘ vegetative power which, according to Need- 
* ham, produces animalcula. For, according. te 
* the principles of this Epigenefift, that power 
¢ fhould tend to become weaker in proportion as 
* the action of heat is augmented. But we fee the 
‘ reverfe from the firft refults of my experiments 
* on animalcula, and in thofe on mouldinefs. All 
* thefe refults would rather infinuate, that the 

* produdtive principles of thefe apis beings 
* are a outs in the rN - f 


| 1 
(1) When this was written, I had not the complete evi- 
dence of the origin of animalcula which was afterward: 
obtained. However, I knew the different kinds of feed 
-that fupported boiling heat without lofing the germinating 
_ faculty. To them I’ now add the minute feeds of sproid 
which germinate after expofure to the heat of the fire 
in a chafing difh. 
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_Itis the germs, then, that refift the heat of ebuls 
lition, and their animaleula perifhing at 106° and_ 
108°, which embarrafs you, and appear to weak- 
en what you call the theory of germs. Perhaps 
you may find the conjectures on this obfcure 
fubje&t, which I have hazarded, Article 6. of 
this letter, affift you in accounting for the fad, 
at leaft in conceiving how it happens. Hf you 
have any thing more probable to fuggeft, I. will 
not hefitate to give it the preference to my flen- 
der conjectures. _Lhave not pretended to divine 
nature; nor have 1 a better opinion of diviners in 
natural hiftory than of thofe in polities: but you 
will not be difpleafed at my communicating the 
various reflections which your obfervations have 
excited. . Confider them only as dreams, if you 
think fit: yet I muft flatter myfelf that you will 
judge them more philofophieal than thofe of our 
friend the Englifh Epigenefilt. . =a 

You fpeak of the theory of germs. It is moft 
important to underftand the exact general meanr- 
ing conveyed by the word germ. It is frequently 
recurred to in my two laft works. 1 have been 
very fenfible how much the precife meaning may 
affect all our reafonings on the material origin of 
organized bodies. ‘The polypus firlt induced me 
to feek for a proper definition oi the word germ. 
‘ By this word is commonly underftood a mo& 
‘ minute organized body ; fo that, if it could be 

© found . 
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* found in this ftate, we fhould difcover the fame 
* effential parts as organized bodies exhibit after 
“their evolution. It is neceffary to ‘give the 
‘ word a more comprehenfive fignification, as is 
* manifefted by my principles themfelves. Thus, 

“it will not only defign a moft minute organized 
® body, but alfo every kind of original preforma- 
“tion from which an organized whole may pro- 
* ceed as from its immediate principle.’ In a 
note, I have added, ‘ Remark, that I fay immedi- 
* ate, to diftinguifh the preformed part or parts, 
‘im miniature, from the great whole where they 
‘are to grow or be developed; for that cannot 
“here be viewed as the immediate principle of re- 
* production; it is only the mediate caufe’ (1), 
This is afterwards more dire@tly applied to the 
polypus (2); and what is faid of it may extend 
to all analogous animals, 

Before me, much has been faid on germs. 
They are difcufled in all the good treatifes on na- 
tural hiftory or phyfiology which appeared at the 
end of the laft century and in this. Yet I do 
not obferve that the authors, who have recurred 
to che philofophical hypothefis of germs, have ens 
tered deeply into the fubjeét, or viewed it from 
every fide, as I have endeavoured to do in the 


\ Corps 


(i) Tom, 1. page 302. firlt edition, 
(2) P, 369, 
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Corps Organifés, and Palingenefie, part 11. 126 
As thefe authors, valuable in other refpeéts, have 
nét analyfed a fufficient number of facts, and 
fats very various ; and as they have not been in- 
duced to give themfelves up to the fame reflec- 
tions as I have, it is not furprifing that they 
did not penetrate the theory of germs further. 
Therefore, when you wifh to review the confe- 
quence of my principles on this beautiful part of 
the animal ceconomy, you’ have’ only to revife 
part 10. of /a Palingenefie. My \ateft reflections 
on the origin of organized beings.are there. You, 
of.all perfons, are the naturalilt from whom I ex- 
pect moft inftru&tion in this fertile field; and 
your learned refearches will .confirm, regulate, 
me aif trivial ‘hypothefes. You will not. 
1 ug friendfhip, when Nature 
againft mé, and I fhall be the firft to fub- 

mit to t Bu fentence. 


ks 


. The infeéts: which like the bell, funnel, and 


 tubulated polypus, as the animalcula of infufi- 
ons, propagating by natural divifion and fub-divi- 


fion, undoubtedly follow very different laws from — 


thofe which govern the propagation of arm po- 
lypi, earth worms, frefh water worms, and other 
animals that. are multiplied) by being cut in 
pieces (1). The folution of continuity, which 
art 

(1 ¢ It is moft fingular, that che Tame ronal Cae pro- 


pagate its fpecies by. natural eee, as by van: artificial 
divilion 
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art or accident effects in the one, and nature her- 
felf in the other, and the method by which it is 
performed, we are ignorant of. Our beft micro-. 
feos give us no accefs to the interior of thefe 

st eos sutrcny animated, 


divifion with an n edged inftrument. When M. Bonnet 
wrote to me, he was ignorant of this. Every one knows 
his beautiful difcoveries on freth water ‘worms, which res 
produce themfelves when cut in pieces, Traité d’ In/effolo» 
git, part 2. Muller has now obferved that they multiply 
by natural divifion, which M. Bonnet informed me laft 
year, in thefé words; ¢ Muller laft year fent me a fplen- 
€ did work in quarto, illuftrated with figures, on infects 
* which are reproduced by feftion or divifion both natural 
* and artificial. This work is unfortunately in German; 
* and 1 could only learn his difcoveries by the tranflation 
* of fome paflages which a friend made viva wee. She 
* eftimable author has particularly repeated my obferva- 
* tions, publifhed 1744, part 2. of the Traité d’ InfeGolovies 
* He confirms moft of them, and adds much of his own 
* enquiries. Among other things, he has feen the apodal 
« worms of frefh water multiply before his eyes by natural 
* divifion. He minutely defcribes this propagation, which 
‘ is very different from that of the clufter polypus and 
‘ infufion animalcula. Behold, how thefe fingular genes 
* rations extend more and more! I had myfelf obferved 
* the fame in worms of the fame kind, but from igno- 
§. rance afcribed it to accidental caufes. The fact is relat- 
“ed in my Lnfectologic, * Anguilles de lea doyce.’mThe 
e8 clutter polypus was then unknown to mg.’ 
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animated corpufcula’: atin we can eafily conceive 
that the propagation of «an animal, naturally di- 
viding into two or four pieces, cannot be per- 
formed by a preformation fimilar to that which 
gives exiftence to the buds of a tree, or the fhoots 
of an arm polypus. Nothing is difcovered in the 
natural divifion with the leaft refemblance to the 
known animal or vegetable generations. How-. 
ever, it is moft evident that there muft be.an 
original preformation, which determines what 
precedes, accompanies, and follows the natural 
divifion of the animal. Changes or alterations, 
more or lefs confiderable, fhould take place with-. 
in ;—a kind of contraction preparatory to the fo- 
lution of the unity: this fhould occafion the di- 
yerfion of the nutritious juices towards certain 
particles on fibrilli, by means of which thefe fi- 
brilli expand, and aflume new pofitions with. 
refpect to each other.. Thus is the enormous: 
world confolidated ; the exterior and. interior of 
the animal is renewed or recompofed; and each: 
half, or each quarter, becomes a perfe&t animal. - 
It would feem. that this fingular regeneration 
has fome flight refemblance to the firft kind of 
organic preformation, defcribed part 10 of La 
Palingenefie: but here our glimmerings are too 
faint to guide us through the profound obfcurity. 
it is moft probable, that an animal deftined to 
multiply’ me has received a ftructure of little 
TORE: intricagy, 
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intricacy, or of great fimplicity, from Nature. 
The parts will.be difperfed through the body, and 
‘the animal will confift of fuch only. It may be 
-all brain, or all ftomach, if in this cafe we can 
fpeak of either. TI would rather allude to nothing 
-but my organic points, Palingencfie, part io. p. 
363, 364; and it may be much better to be filent 
-altogether concerning fuch myjlterious propaga« 
tion. | 
_ XIV. It is certainly moft proper for you, my 
dear philofopher, to examine Mr Needham’s V7- 
-tality. This idea is not one that I would banifh 
to the region of chimeras: it has a philofophic 
appearance which merits our attention, and be- 
longs to that beautiful gradation of natural be- 
ings which I have: attempted to glofs over. In 
| part 15 of La Palingenefie, you have the.E fai 
a’ Application that-I have endeavoured to make 
of irritability to the polypus, .and ether animals 
of the neighbouring clafies. I had not then per- 
ufed our Epigenefift’s reflections on vitality. 
Perhaps my own thoughts on irritability, which 
is the foundation of vitality itfelf, will not be ufe- 
lefs to you in your intended examination of our 
friend’s-opinion.; and J-fhall view ‘the refults, to 
which this examination leads you, with pleafure. 
No new refle@tions on the fubject are offered to 
you. In the part cited of my laft work, is {aid 
what feemed the moft reafonable or philofophic. 
Vou. I. Salil | 


£58 | ANIMALCULA OF INFUSIONS... hg 


t have indeed a faint conjeéture on the fecret 
caufe of this irritability, but it is not, fufficiently 
mature to lay before the public. 

KV. The examination of Mr Needham’s bite 
pothefis on generation will reqnire a fevere criti- 
ciim from you; but you will make it in polite, 
moderate, and friendly terms. You are acquaint- 
ed with the charaéter of this learned naturalift, 
and cherifh the fame efteem for him as I do my- 
felf. I have written to him on his opinions with 
the greateft freedom; and it fhould be obferved 
in his praife, that he was never offended with it, 
{tis true, he has not abandoned them: on the 
contrary, he feems to fupport them more and 
more.—His laft work, which you are called upon 
to refute, is too good evidence. Perhaps it is re- 


ferved for you to convert him, which will be no ~ 


{mall addition to your literary glory. Probably 
you. wil not forget to fay a word of the Reggio 


Profeflor, to whofe obfervations Mr Needham re- 


ferred me with fuch confidence, byt who, not- 
withftanding, was lefs an Epigenefift than any 
one in the world, Corps Organifés, Art. 3 31. Pa- 


T 


lingentfie, [. 1s p» 425, cataiac 
, In 
(1) Fourteen years ago, hes I was profeffor of phito- 
fophy in the Univerfity and College of Reggio, and be- 
ginning to make experiments on infufion animaleula, I 


bevan a correfpondence with Mr Needham, who was then 


making 
V3 


‘ 
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—sIn feveral parts of my Corps Organifés, this au- 
thor is commended, particularly Ch. 6. Tom. 2. 
R 2 eit 


making the tour of Italy, and for fome time communi- 
cated my obfervations on-them. -1 cannot precifely: fay 
what were the refults, becaufe I have neither copies of the 
‘letters, nor the journals, where my difcoveries were noted 
down. I only remember of agreeing in two facts.with Mr 
Needham, which I communicated to him, namely, that 
although infufions had boiled, they produced animalcula ; 
and that they generally appeared when the fubftan- 
ces began to decompofe. Thefe two faéts pleafed Mr 
Needham; he thought he faw a confirmation of «his fa- 
vourite hypothefis in them. M. Bonnet was jukt going to | 
publith his Corps Organifés, where there is a complete re- 
fatation of it; and enquired whether Mr Needham ftill 
perfifted in his opinion. It was natural to fuppofe he had 
abandoned ideas fo extraordinary ; but-he faid, that far 
from having changed his fentiments they were fully con- 
firmed by a Reggian Profeflor, as would appear from a 
work he was about to publith. 

I had faid to Needham indeed that I did intend to pub- 
tith-a little-treatife on animalcula; but it is far from true 
that I was ever an Epigenefift, for there was no foun- 
dation for me being fo: and although fome of my re- 
falts did correfpond with Needham’s, it-did not follow 
that E fhould decide for Epigenefis, efpecially as thefe refults 
eould eafily explain the oppofite theory of germs. I had 
then no inclination to take any fide. I found myfelf ne- 

ceflitated 
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1 did it with impartiality and friendfhip. The 
work appeared 1762: I haftened to fend it ta 
him ; 


ceflitated to interrogate nature further, in hopes of dif- 
covering fome decifive fad. But my future obfervations 
favoured the pre-exiftence of germs as much as they contra- 
diated the Epigenefis. This Lhave attempted to demon- 
{trate in the Diflertation publithed fome time ago, (sagen 
di Offervazioni Microfcopiche. ) 

Needham’s too great anxiety to. predi& the refult of my 
obfervations ‘has rendered’him a falfe prophet. But I cane 
not be filent on another prediction by Bonnet, though very 
different from his, as it has been fulfilled. After quoting 
Needham’s letter in the Corps Organifés, he does not ttl 
tate to afhrm that the obfervations of the Reggio Profeflor 
_ will not demonftrate that animalcula have fo extraordinary 
an origin as he would afcribe to them. It fhould be re- 
marked, that I was then unacquainted with M. Bonnet, 
nor had I even read his Corps Orgazifés. 

- The Englifh philefopher, though a pfeudo prophet, a 
given my obfervations a very gracious reception; he has 
approved of them ; and does not conceal that they have in- 
duced him to change his opinion. I fhall mention what 
he wrote to M. Bonnet and myfelf on the fubject, to thew 
that although he was remote from real philofophy for a 
time, he afterwards approached it, and did not always re- 
ynain in error. ) 

‘ The fingular agreement of your resins with my 
¢ remarks,” M. Bonnet writes, ‘ gives me the greatelt 


© pleafure, 
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him; but lie had not the fame defire to read, far 
lefs to ftudy it. Much time elapfed ; and he had 

Rg not 


‘ pleafure, as they have been the decifion of Nature herfelf : 


“A 


to our valuable friend. With philofophic candour, he 


ow 


informs me; that he will adopt our fentiments, and ex 


~ 


amine the interefting fubject anew ; adding what does 


~ 


honour to his fincerity: J begin to think my ideas have 


Ov 


been extended too far in giving power to matter, which is un= 


ow 


neceffary to explain the phenomena of the microfcopic world. 
‘ He alfo fays, he is much inclined to admit my conjec- 


a 


ture on the generation of animalcula, p. 217 of the Corp 


a: 


Organifés. If you will take the trouble to revife it, you 


Ow 


will fee that I infinuate; animalcula may multiply by di- 


Oe 


vifion as the clufter polypus: This appears to our friend 


wn 


a happy conjecture. He adds; You have jujily obferved 


on 


that the generation of thefe beings may be by divifion ; but it 
would require a courfe of obfervations, fich ast find in Sig. 
Spallanzani, to convince me of it : befides, I till have doubts 
which will probably be folved by reflecting maturely on the 
6 fubjec?. ; i 

‘ Itis thus, Sit, that you have fucceeded in removing 


a ~ 


ow 


é the veil which covered the eyes of our learned corref. 
é pondent. What I fuggefted, you have finifhed—What 
‘ I predicted, you have feen. 

 Needham’s letter to me coincided with what he had 
written to M. Bonnet. ¢ Befides recolle&ing all that I 
‘have at other times obferved, comparing it with your 
6 obfervations, and the new difcoveries in a courfe of ob- 


* -fervations 
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not then perufed the work. Yet he has quoted 
me, p: 219 of his New Refearches :’ He there 
withes to give an abftract of what is faid of the 
formation of the chicken, after the beautiful dif, 
covery of my illuftrious friend Haller. On read- 
ing the paflage, it is eafy to fee that he has not 
had the account before him when he abridged 
it. He evidently cites it-from memory: unfor- 
| tunately 


¢ fervations: by a-young profeflor here (M. de Sauflure)s 
‘ Tam determined to limit my ideas of generation. This 
‘ limitation will render the pre-exiffence of a being, fpecifically 
‘ fimilar, abfolutely neceflary to the generation of any or 


‘ ganifed being, -without reftri@ing Nature to make it vi 


aA 


viparous or oviparous, to produce it by the .coneourfe 


a 


of two fexes,.or withoutit to effect reproduction by: fhoots 


a 


or divifions.. By this: means we fhall comprehend all 


»~ & 


phenomena,.and have germs or prolific. parts, which 


A 


from their fubtilty may: infinuate themfelves through all: 
Therefore I fhall-abandon,- in thofe claffes of. infufion 


animalcula, and in all other organifed bodies however 


A LA 


* 


fimple they may be, I fhall abandon, I fay,. the vegeta- 


1A 


tive power of matter which.I formerly: believed neceflary 


em 


to explain thefe. phenomena. Only a few difficulties re+ 


nw 


main, which may be eafily folved by the indefinite divis 


nN 


.fion of the. microfcopic beings from the. univerfality of . 


A 


‘their germs or prolific parts, their. extreme minutenefs, 


n~ 


and their infantaneous evolution, which uniformly fucs 


a 


_ ceeds when the germs or proligc parts are in a fuitablé- 
‘  fituation.’. . 
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tunately his memory has been very treacherous ; 
and he has lamied my chicken. I told him fo: 
he faid it Was true; and his cuftom, whether 
good or bad, was to follow the train of his ideas. 
I wrote to him again: ‘ You have riot paid the 
©“ leaft attention to the confequerices immediately 
‘ flowing from the faéts I mention. You have 
* overlooked them: but they require to be ana- 
“lyfed. It is not in this manner that one fhould 
“treat facts.’ Iam no lefs fenfible of the ob- 
liging and truly friendly things with which the 

citation of which we fpeak is attended. | 
This avowed partizan of Epigenefis inceflantly 
tefers us to what he calls the chain of bis reafon- 
ings. He feems not to fuppofe that it is a fpi- 
der’s web to catch flies. He almoft uniformly 
draws certain conclufions from uncertain premit- 
fes. The two fophifms into which he moft fre: 
quently falls, ate the petitio principii arid imperfect 
enumeration. Becaufe the decompofition of ve- 
getable fubftances produce particular filaments, — 
whence animalcula feem to proceed, he con- 
-ceives it demonftrated, that the animalcula, which 
he calls zoophytes, are produced by the fila- 
ments. Then, to account for this ftrange pro- 
'dudtion, he imagines a vegetative power, which 
he charges with the office of organizing ‘or ani- 
malizing. He endeavours to give us an idea of the 
action of this force, by a comparifon with the 
R 4 combined 
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combined action of the projectile force and gra- 
vity in fire-works.. Thus does our Epigenefift 
undertake to penetrate the myftery of the repro- 
duction of animated beings; by. fubftituting Oc- 
cult qualities in the place of. found philofophy.. 
He feems to treat natural hiftory as alchemifts do 
chemiftry. He fpeaks of the do@rine of germs. 
as a mon{trous hypothefis: he thinks he is fup- 
ported by the.great Leibnitz: but no one.is igno- 
rant that this iluftrious metaphyfician was a moft 
zealous favourer of the theory of germs. You 
have feen what [fay after him, Palingenefie, part 
7, how pointed it is. There is alfo another 
paflage.of the fame. profound philofopher ftill’ 
more applicable, in his Confiderations on the Prin- 
ciples of Life and Plaftic Nature. ‘ With Mr 
‘“-Cudworth, I think the laws of. mechanifm a- 
‘Jone cannot form ananimal, where there is yet. 
* nothing organized ; and I find that he juftly- 
“ oppofes what-fome of the ancients have faid on. 
‘this fubject, and even M. Defcartes in his 
‘ Man, whofe formation cofts .him fo little, but: 
‘he approaches as little to.a real man.. And I: 
¢ confirm Cudworth’s fentiments, which Bi 0d | 
‘ that matter, arranged. by a Divine Wildom, muft 
‘ be effentially. organized throughout ; that there. — 
¢is thus a machine to infinity. in the., parts. 
‘of the natural. machine; and fo many en-- 
‘yelopes. and organic bodies involved in each 
“-other,... 


i. 


t 
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“other, that an organic body entirely new, and 
© without any preformation, can-never be produc- 
‘ ed, and that we cannot entirely deftroy an ani- 
* mal not yet exifting.’” From.this circumftanti- 
ate paflage, we perceive that Leibnitz not only 
rejects the mechanical formation of the animal,, 
but that he admits germs or preorganization, and 
alfo the infinite involution of organic machines. 
Can we believe this is a@tual infinity?) Mutt not 
every feries have an ultimate term: Is the infi- 
nity of geometricians real infinity? However, 
this paflage, and many others of the fame author, 
ftrictly demonftrates that Mr Needham. has not. 
been aware of the real fentiments of the German 
Plato on the origin of organized beings. | 

Thus, it will be important for you to fhow 
your readers that our friend’s method is unphilo- 
fophical. I do not defpair, however, that your 
new experiments, and the logical deductions 
which you know how to draw from them, will tri- 
umph over his attachment to Epigenefis. It 
fhould alfo be expected from his love of truth.. 

XVI. The plan of your Differtation pleafes me. | 
much, my. dear correfpondent.; and I.offer up- 
fincere vows for its execution. No _ naturalift 
will-have equally perfected this part of natural. 
hiftory, fit in itfelf to complete the logic of 
the. obferver,. and to. exercife-his genius, 

In. 
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- In anfwering the little volume of faéts’ which 
you addrefled to me 20th of laft December, 
I have made one of reflections, which have 
employed nie fome weeks to write. You fend 
me gold, but you will receive only brafs im 
exchange. Should this letter feem worthy of 
appearing at the end of the work which you 
_ are preparing on animalcula, you are at full 
liberty to publifh it. I have attempted to collect 
my lateft reflections on a fubject which has en- 
gaged my attention for many years. Perhaps 
you will make fome notes on the letter, where I 
have not correctly comprehended your meaning, 
and always where your own opinion is different. 
This is the real method to render it moft ufe- 
ful to the public ; and you will afford me much 
pleafure by doing fo. : 

‘I cannot terminate this long epiftle, my worthy 
correfpondent, without renewing the teftimony of 
the great efteem, and fincere attachment, which 
have ever been borne towards you by the 

24 february 1971. PALINGENISIST» 


LETTER II. 


| My Solitude, 20 April 17716 
I nzjorcz, my dear Redt, that you are fatisfied 
with my longeletter on animalcula, and that my 
reflections 
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reflections do not feem ufelefs towards perfecting 
the interefting: fubje&. With the greateft eager- 
nefs I fhall read the brief commentary which you 
propofe on the letter, when itis publifhed at the 
end of-your new Differtation. This commentary 
will undoubtedly contain a number of facts ;.and 
many reflections on them will be neceflary to-en- 
hance the value of the text, too deftitute of the 

former, and too much loaded with the latter. 
Before confidering feveral articles in your ob- 
liging anfwer, I haften to acknowledge a mifcon- 
ception, or error, which the learned and eftim- 
able M. de Sauflure has pointed out. As he 
knows me well, he is aware that my regard for 
truth is fincere; and that I am always grateful 
to thofe who difcover my errors. In the hypo- 
thefis, where I attempted to account for the phe- 
nomena of animalcula, in their germ ftate, fup- 
porting the heat of ebullition, and perifhing at 
106° and 108°, when developed ;. and fuppofed, 
as:you have feen, that the extreme tranfparency 
of the germs protected. them from. the action of » 
heat; I corroborated my fuppofition, by con 
fadering that the folar rays do not fenfibly. warm 
the atmofphere on high.mountains, becaufe it is 
too rare or diaphanous. 1 then quoted obferva- 
tions, proving organized. bodies to be more and 
more tranfparent as we afcend towards their ori- 
gin, - Finally, I infifted much on/the extreme 
rarity, 
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rarity, and on the great fimplicity or homo- 
geneoulnels of the organic texture of our ani 
malcula, confidered in their primitive ftate. I 
tranfcribe what M. de Sauffure wrote to me on 
the fixth of this month, on a hypothefis which 
[had favoured too much. — 

«You have more regard for truth, Sir, than to 
¢ allow me to conceal that the indeftrudtbility. of 
‘the germs or eggs of our animalcula feems to 
¢ me to depend on the nature of the mixture or 
‘ageregation of the parts rather than on their 
: tranfparency. Without recurring to the re- 
¢ mote example of crucibles, you fee japanning 
¢fupport the heat of boiling water, and even 
‘a greater degree; not becaufe this heat is 
‘not acquired, but becaufe the intimate con- 
é‘neGtion and equal dilation of the parts pre- 
‘ferve them from deftruction. May it not be 
¢ poffible that the animalcular germs, or eggs 
¢ of which we treat; are provided with fome 
¢yarnifh which is foluble in the feminal fluid 
‘only, or in ‘a liquid fit for the developement 
‘and nutrition of the included animal ? 

‘In general, if the foluble and volatile parts 
© of a body, infoluble in a given fluid, are fo con- 
* nected with the fixed and refractory parts, and 
*thefe, ferving as a connection, prevent them 
* from diffolving or diffipating ; and if the total 
© aggregate has fuch ductility, that the fire may 
* expand 


~~ 


\ 
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‘expand it without attacking its fubftances, I be- 
§ lieve I may affirm that this body, immerfed in 
§ the fluid, will refift the action of the fire. 

‘I know well, that for eggs or germs to pre- 
* ferve their fecundity, it is effential not only that 
- © the external integument remains entire, but that 
‘the interior retains the fame proportions and 
‘the fame pliancy, ‘Therefore we muft add to 
‘the preceding conditions, that no fluid is to be 
* contained which heat can coagulate, and that 
* the whole vefiels and fibres may be fufficiently 
‘ phant to dilate without rupture, and, in con. 
* tracting, to refume their original fituations. 

: Colle&ting and. generalizing thefe ideas, { 
‘find that all the determinations are reduced, 
‘ frft, To reciprocal indiffolubility as well of the 
‘ contiguous parts of the exterior and interior 
* parts of the germ, as of the medium in which 
“it exilts: Secondly, ‘To the fixed and refraCtory 
“nature of the germ: Thirdly, 'To the propor- 
“tionate capacity of contraction and dilation of 
‘ its whole parts. Germs continue. fertile fo long 
‘as the heat does not exceed the conditions with- 
* in which thefe determinations may fubfift; and 
‘ they may do fo at heat far furpaffing that of 
‘ boiling water. It is eafy to fee how the. germ 
‘ may lofe them during its expanfion. 

‘ Explanations of this kind, I acknowledge, I 
* would prefer to thofe deduced from tran{paren- 


“cys 
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“cy, however ingenious they may be. For, ex-— 
< cepting the cafe of the folar rays, it has not 
© been obferved that tranfparent fubftances are 
“more eafily heated than opaque; that clear 
‘water is more difficult to boil than ink, allow- 
‘ance being made for their different denfity.. It. 
“4s true, there are no experiments made ex pro- 
“ feffo on this fubject; but, if the difference was 
*.very remarkable, it would have been obferved. 
“as with the rays of the fun.’ 

M. de Sauffure’s Jetter is terminated in the 
moft modeft manner, and, at the fame time, in 
‘terms the moft polite to the author whofe hypo- 
thefis he was examining. You will judge frem 
my anfwer, my dear correfpondent, what I have 
thought of our judicious obferver’s remarks, who 
is alfo an able chemitft, as his letter fhows. 


« My Solitude, 8 April 1774. 

© Your crucible could not confine my little 

* hypothefis, my dear Becker; it has been vola- 
* tilized or reduced to fmoke; but the refidue 
‘ confifls of two fats, which are moft precious 
“to me: the one, that you love me well enough 
© not to conceal my errors; the other, that I can- 
* not diftruft my owa opinions too much. Your 
“remarks have great weight in my eftimation. 
£ | thall not fail, in a fecond letter, to correc 
‘this article ef my firft, nor fhall the valuable 
£ philofopher 
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* philofopher be forgot to whom I am indebted 
‘for the correction. I had paid too great atten- 
‘tion to the folar rays, which feem to have daz- 
© zled me. However it is to be wifhed, that this 
* may give an opening to direct experiments ; it 
* would be worth while to make them. I fhall 
* meditate anew on the-fubject, as if I had never 

§ attended to it before. In addition, 1 made other 

*two conditions intervene, the extreme rarenefs 

‘of the texture, and its fimplicity or homoge- 

f neity: plancy and duétility were produced by 

‘the firft; the fecond occafioned a certain de- 

* gree of refiftance to a certain degree of heat. | 
* ‘The connection of the elements of the texture 

“pafled unnoticed, But I repeat, that all this is 

‘an old fpoil, of which I diveft myfelf. My 

‘ heart fhall never be refractory to truth.’ 

‘Thus you perceive, my dear Malpighi, that I 
intend to refleét anew on this interefting fubject. 
I invite you to reflection on your part; and I am 
conyinced your meditations will not be fruitlefs : 
furely they will fuggeft new experiments, which 
muf{t be more inftructive, therefore more fatisfac- 
tory, than our meditations. 

Since you are determined to print my long 
lerter at the end of the Differtation which you 
are now compofing, will you be good enough 
to add what I fay concerning my hypothefis on 
the indeftructibility of infufion animalcula? f 

| doubt 
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doubt that my reveries may lead thofe readers in- 
to error who have too great an opinion of my 
feeble meditations, and my trivial writings in ge- 
neral. From your anfwer of 24 March, I per- 
ceive you had the fame doubt as M. de Sauf- 
fure. ‘The facts you colle&,’ you obferve, 
“ prove, without reply, the extreme tranfparency 
“of thefe germs. The heating of bodies by the 
“rays of the fun, which is always reciprocally in 
* proportion to their tranfparency, perfuades us 
«that the heat freely paffes through the germs 
¢ without altering their ftru@ture. But this per- 
¢ fuafion would become much ftronger, if we 
€ could prove directly that it is the fame with 
‘our fire as with the folar rays.? What you 
add immediately afterwards excites my admi- 
ration. ‘It feems that a courfe of experiments 
“ on this pomt would be of the firft importance, 
“and your excellent conjecture might be ex- 
* pofed to other trials: te examine whether cer- 
‘tain infects which are very tranfparent would 
‘ fupport the aétion of heat better than thofe 
‘ which are very opaque. Among the animalcula 
* of infufions are fome whofe tranfparency is al- 
* moft infinitely greater than thofe of others. Per- 
* haps there might be foundation for fuppofing, 
“according to your principle, that heat has lefs 
* influence on the former than the latter. It is 
S true, I have faid-in my letter, that animalcula 

* in 
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‘in general perifh at 106° or 508°; but as 
‘tranfparency did not then occur to me, I 2m 
“ignorant whether any very tranfparent were of 
“the number: only touch on the fubject ;” 
and it cannot be too often repeated, that I view 
all that I wrote you before but as fimple conjec- 
tures, or rather doubts (1). | 


(1) In the courfe of the letter, from which M. Bon- 
net has given two extratts, I had fketched an explana- 
tion fimilar to that of M. de Sauffure, though unacquaint- 
ted at the time with the fentiments of that celebrated Ge- 
nevefe Profeffor, as appears from the date of the letter. 
‘Tf the decifion of Nature fhould not favour your con: 
é jecture, Why may we not explain the indeffructibility 
¢ of germs from the indeftrudtibility of their component 
‘ parts ? Without recurring to afbeftus or amianthus, 
‘there are fubftances Known to us whofe ftructure fup- 

‘ports the influence of heat infinitely furpaffing that of 
‘ boiling water. Thefe are earthen veflels in which glafs, 
¢ melted by the heat of furnaces, remains. many weeks, 
‘yet they do not fuffer, Therefore a germ, compofed 
‘of matter analogous, would eafily refit the heat of 
< boiling water, and be deftroyed by it when beginning 
€ to expand ; for, being replete with foreign matter, 
‘the primordial ‘molecules, forming its original ftate, 
é would be renioved farther from each other ; their recie 
‘ procal attraétion would be diminifhed, confequently 
‘ their former cohefion. Therefore the heat diffipating the 
_ Vou. I, ae S. ‘ foreign 


274 ANIMALCULA OF INFUSIONS. I, 


“foreign matter, would deftroy the mutual relation of 
‘the primitive molecules, and the germ would be de- 
‘compofed though thefe molecules remained untouched. 
* Here I only outline an hypothefis which fhall be extend- 
* ed when I have leifure.’ ® | 

_ It was really my intention to do fo, when I wrote thus 
to M. Bonnet; but the intervention of other facceflive 
eperations has not allowed me time. The fame has hap- 
pened to M. Bonnet, who promifed me new reflections on 
the fubjeét, and bas undoubtedly been prevented by fimilar 
caufes. ‘The explanation of his illuftrious nephew feems 
to me fufficient, efpecially if we admit, that not only {e- 
veral inorganic bodies, as afbeftus or amianthus, fome 
earths, and feveral other mineral fubftances, fupport the 
action of fire without fuffering by it; but there are alfo 
particular bodies, bearing great analogy to animals, and | 
organized like them, that enjoy the fame advantages. 
_ There are certain roots which may be ignited without be- 
ing confumed: an incombuftible flax is made of others. 
Such, in the former cafe, is the Androfaces of Diofcorides z 
and, in the latter, the Indian tree Sodda. Waller Mine- 
ralog. 

It fhould not be concealed from the reader, that, on 
putting M. Bonnet’s conjecture to the teft, I did not find 
it agree with faéts; and fo linformed him. ‘The co- . 
‘offal fize of the animalcula in thefe infufions has been 
‘mentioned, my celebrated colleague, in my other let- 
¢ters. As they are nearly opaque, and as others very 
¢ minute and tranfparent appear along with them, if your 
‘ hypothefis is true, it follows, that the animalcula of the 

| ¢ fecon€ 
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*fecond fpecies fhould fupport heat much longer than 
Sthofe of the fir. But jut the reverfe has happened. 
‘ The {malleft animalcula perifhed at 106°; and thofe of 
‘ coloffal fize, only when the thermometer rofe to 140° 
‘and 142°. We muft remark that animalcula fupport- 
® ing heat fo great are very rare. 

¢ If animalcula are compared with frogs, it is at once 
‘evident, that thefe are compofed of matter infinitely 
‘more denfe and heterogeneous. Notwithftanding fo dif- 
¢ propertionate a difference, however, frogs fupport a de- 
‘gree of heat far greater than what is fatal to animaleu- 
dt 

Thefe faéts appeared to fatisfy M. Bonnet; and he re- 
plied with that candour and indifference for his opinions, 
which are almoft peculiar to him; and fo defirable in 


mof of the literary world. 
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OBSERVATIONS anp EXPERIMENTS | 
ON THE 
SEMINAL VERMICULI OF MAN AND OTHER ANIMALS; 


WITH AN EXAMINATION OF THE CELEBRATED 
THEORY OF ORGANIC MOLECULES. 


INTRODUCTION. 


Tus fubjec&t of which I am about to treat was. 
intended for a chapter of the preceding treatife 
on Infufion Animacula, from the great analogy 
between thefe beings and fpermatic vermiculi: 
but the obliging fuggeftions of M. Bonnet have 
changed my determimation. I had fent him the 
refult of my experiments on Animalcula, Vermi- 
culi, and Mould; he honoured them with his 
approbation, and advifed me to feparate the fub- 
jects, to treat of each in a different differtation. 
In this form he thought they.would more readi- 
ly fix the attention and attract the curiofity of 

53 readers, 
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readers. I have found his counfels falutory, and 
profited by them: they have enabled me to ex- ~ 
tend the matter, and enlarge my refearches on 
{permatic vermiculi. 

The reality of the exiftence of thefe animals, 
and a knowledge of their peculiar nature, are as 
fit to engage the enquiries of a philofopher as 
they feem to retreat from his penetrating examl- 
nation. I may fay that, like the Proteus of 
fables, their figure and appearance change with 
the naturalifts who attempt to ftudy them. 

The feminal fluid of man and of certain ani- 
mals, microfcopically examined by Leeuwen- 
hoeck, appeared full of animalcula, which he nam- 
ed vermes, from their fimilarity in figure and mo- 
tion. But they were foon confidered by fome 
philofophers as a phantom of the imagination, an 
illufion of the fenfes, or fome imperfection in 
the microfcope: they fuppofed there was nothing 
geal in what he had defcribed. Others judged 
the Dutch naturalift with lefs feverity; they ad- 
mitted there was a number of corpufcula in the 
feminal fluid, but, denying they were animals, 
conceived them inorganic particles, which, from 
fubtility, were railed and evaporated fooner than 
the reft; thus forming a fermentation and mo- 
tion in the fluid that created the idea of anima- 
tion. 


Nearly 
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Nearly this opinion is adopted by the celebrat- 
ed Linneus. He thinks the vermiculi are only 
inert molecules fwimming like oil in the feminal 
fluid, moving and darting in various direCtions, 
‘as they are affected or heated by the temperature 
of the femen. 

Meff. Needham and de Buffon, as is well 
known, have publifhed their fentiments concern- 
ing thefe difputed microfcopic beings; and ap- 
pear to have beheld them as fuited their refpec- 
tive theories beft. The former thinks they ori- 
ginate from the vegetative power acting on the 
feminal fluid after it comes from the body of the 
animal, by which it is neceflitated to vegetate, 
expand, put itfelf in motion, and change into 
beings not yet animated but /mply vital. M. de 
Buffon, ever prejudiced for his favourite organic 
molecules, fuppofes he finds them in the vermi- 
culi, and, from a long detail of experiments and 
obfervations, endeavours to eftablifh his own the- 
ory on the ruins of Leeuwenhoeck’s. 

Who could imagine that fo many difputes, 
and fuch oppofition of fentiment, would arife on a 
matter of fact? I confefs it has fingularly fur- 
prifed me: and I have often thought that the 
diverfity of opinion originated lefs from effential 
difficulties than the fault of obfervers; who had 
not the proper methods of examination; who 
were prejudiced in favour of fome theory, and 

5 4 mage 
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made their fenfes the caufe of error; or who 
wanted fufficient praCtice in the difficult art of ~ 
accurate obfervation. As I inveftigated a fub-- 
ject analogous to the hiftory of {permatic vermi- 
culi, I wifhed to ftudy them: and applying with ~ 
all the attention, care, and reflection in my 
power, to difcover the truth if poffible, for the 
greater certainty, endeavoured firft to forget all 
that had been written, and act as if I had been 
the original author of the enquiry. In contro- 


verted facts, I have uniformly found this the fafeft 


method, to avoid confounding the opinion of the 
philofopher with the refponfes of Nature: only, 
after reaping a fruitful harveft of facts, I begin 
to confider what has been feen by others; I com- 
pare their refults with my own, and, with re- 
ipeétful deference, allow myfelf to give an opi- 
nion. My fincerity will be believed when it is 
known that I had taken no fide of the queftion, 
and that it abfolutely was indifferent to me whe- 
ther my difcoveries corroborated or refuted thofe 

of others. | 
The feminal fluids penihtacd were that e man 
and different quadrupeds ; ; neither did I negle& 
the fmalleft animals. The human femen was 
ufed as recent as it could be obtained, by taking 
it from dead bodies while yet warm: that of ani- 
mals the moment they were killed; I have fre. 
quently examined the ferninal fluid of animals 
alive, 
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alive, and often ufed what was ejected during 
copulation. ~The importance of thefe faéts, in 
the illuftration of this refearch, will be evident 
to the reader of the rip gitoaas 


LETTER FROM M, BONNET. 


‘ 


In the Country, 16 Ofober 1741, 
f ACCEDE to your requeft, my efteemed cor- 
refpondent, and haften to inform you that I have 
received the excellent letter, which is owing to 
your friendfhip for the Palingenefilt. —Excellent 
book I fhould fay ; it is almoft fuch in fize, and 
fhall be added to thofe of the fame kind with 
which you have already enriched’ my library. [| 
could not engrofs to myfelf a work almoft every 
line of which has excited the deepeft attention, 
but determined to revife it along with an ob- 
ferver worthy to underftand and to imitate you, 
and who can equally well appreciate your inter- 
efting refearches and fortunate difcoveries. I 
mean my worthy friend, the illuftrious difcoverer 
of polypi. Yefterday we perufed it together : I 
am unable to defcribe how much your experi- 
ments delighted us; at fome other opportunity, 
when you give me more leifure, I fhall {peak of 
them. But M. Trembley and myfelf are moft 
defirous, that your obfervations and experiments 
on Infufions, Vermiculi, the Plantule of Mould, 
and the other fubjects you have treated with fo 
much 


282 SEMINAL VERMICULI. iy. 


much learning and fuccefs, fhould be publithed 
feparately. ‘They are too important not to merit 
and require a feparate impreflion. . In detached 
treatifes they would make an admirable appear- 
ance, and thus more firmly fix the attention of 
amateurs. Send them to me whenever they come 
from the prefs: M. Trembley and I will caufe 
them immediately be tranflated into French, un- 
der our own infpection. Surely you will comply 
with our requeft. This new Treatife on infu- 
fions will form an appendix to the former.—We 
may even reprint the French tranflation of the laft, 
and place it at the beginning of the new work. 
Think of all this, and inform me. It has been 
mentioned to M. Trembley. 

Your traéts on infufions, and. other fubjects, 
will, in my opinion, be excellent logic for the 
ufe of naturalifts; which, believe me, in my 
view, is not the leaft merit of your learned re- 
fearches, 

You may well conceive we would have affoci- 
ated M. de Saufflure in our philofophic amufe- 
ments, but he has been abfent fifteen days on 4 
journey to Lyons ; however, we fhall regale him 
with your productions at his return. 

Still a word on infufions.—Behold the poor 
Epigenefift reduced to an impalpable powder ; 
and you have no lefs pulverifed his friend De 
Buffon. I have read nothing on feminal vermi- 

culi 
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culi with fo much fatisfaftion, and congratulate 
myfelf for having induced you to ftudy them, 
The obfervations are invaluable: they are both 
new and accurate. Would that I could reani- 
mate the worthy Leeuwenhoeck! What pleafure 
would it afford him to fee M. de Buffon’s attack 
fo well repelled! I hope he will now be philo- 
fopher enough to acknowledge that his micro« 
feopes have not done him aii and yield to 
your evidence. 

Your mould is almoft as new as your vermi- 
culi,-But I forget that I am beginning to an- 
fwer your interefting letter in detail: if it is con- 
tinued, you will not fo foon know that I have re- 
ceived it. I therefore end, with renewing the af- 
furance of my inviolable regard. | 

| Bonner. 


CHAP, I, 


DESCRIPTION OF THE SEMINAL VERMICULI OF MAN, 
AND VARIOUS OTHER ANIMALS, 


Tus feminal fluid, taken from a dead human 
body, December 21, refembled coagulated milk 
in colour and confiftence (1). Examined with a 


magnifier, 
(1) Thermometer 48°. ; 
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magnifier, nothing could be difcovered on ac- 
count of its opacity. It began to diffolve ; and, 
lofing the whitenefs, acquired the colour of foapy 
water. It was again examined with a magnifier 
of {mall power ; the irregular parts feemed to be 
in an indiftin& flow fermentation. With the affift- 
ance of a much more pewerful glafs, 1 obferved 
that thefe parts were moved by corpufcula, infi- 
nitely more minute, of a globular figure. Each 
had a fort of filament or fhort appendage, Pl. 2. 
fig. 1. A. The grofler part of the fluid was evi- 
dently put in motion by them, for there was none 
when they were at reft. The corpufcula them- 
felves had two motions; one ofcillating from 
‘right to left and from left to right, curving the 
appendage from one fide to another; the other 
was progreflive, advancing by means of ofcillation. 
During this, one would fuppofe them blind: 
they ftrike againft every obftacle; and, when 
amidft a number, make agitations and contor- 
fions, at lait, taking that way where there is 
leait refiftance. They are reftlefs and continually 
moving. : 

“In twenty-three minutes the ofcillation and pro- 
greffion had diminifhed ; and it had leffened fo 
much in an hour and a half, that very few cor- 
puicula preferved any appearance of motion. The 
progreilive motion generally ceafes before the 
ofcillatory, fo that the corpufcle at laft_ merely 
bends from right to left, and reciprocally. They 

continue 
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continue fixed to the fame fpot until. the ofcilla« 
tion infenfibly dies away: then they remain en- 
tire in the fluid, and are better feen when it is 
diluted with water. We difcover that each cor- 
pufcle is not globular, but. elliptic ; and the ap- 
pendage is not only much longer than. it appear- 


ed, but the thicknefs not uniform through the — 


whole length, and encreafing as it approaches the 
body, fig. 1. B. Iwas unable to difcern where. 
it terminated, being fo much immerfed in the 
fluid. When motion entirely ceafes, the fila. 
ment remains extended in a (aight line, or with. 
very little deviation. 

If the feminal fluid has been kept a day, or in- 
deed lefs, in a watch-glafs, it becomes tranfpa- 
rent, though preferving its original vifcofity. A. 
fediment of whitifh matter is depofited, which, by 
the microfcope, refembles a parcel of flender 
rags. 

Tn another oladtiaation, January 11, the fluid 
diffolving later than that of the preceding obier- 
vation, fome particles were put in rain water (1). 
The elliptic corpufcula, fwimming with progref- 
fion and ofcillation, became motionlefs when the 


water touched them. Other waters, as. dunghill,. 


river, {now, ice, and even diftilled water, mixed 


with the feminal fluid, produced the fame effect. 
I have 


(1) Thermometer 36°. 


‘* 
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I have found nothing but faliva preferve their 
motion ; and it may be ufed indifferently, either 
from the mouth, or when cold ; therefore I have 
often taken advantage of it for continuing my 
obfervations. Thefe ovular corpufcula, and the 
phenomena exhibited, were exactly the fame as 
in the former obfervation. 

When the drop dries up, all, without excep« 
tion, become motionlefs ; and as it dries firft at 
the circumference, that is, where thinner, and 
advances to the centre, thofe firft becoming mos 
tionlefs are at the edge, then thofe of the interior, 
and, laftly, thofe in the centre. The corpufcula 
do not recover on putting a drop of faliva, or fe- 
minal fluid, on that which is dried, though hu- 
midity continues long. In this obfervation, they 
became motionlefs fooner. In fourteen minutes. 
they were languid ; in three quarters of an hour, 
there was complete repofe. While a remnant of 
ofcillatién continued, progreffion had ended ; 
and when both motions had ceafed, moft of the 
appendages remained extended in a ftraight line. 

Semen taken from a dead human body was 
chiefly coagulated, 18 February (1). It was 
inhabited by the ufual corpufcula. In one of the 
preceding obfervations, it appeared to me that 
there were fome larger among the reft. I appre- 

hended 


(1) Thermometer 49° 
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hended I might be deceived, and that any differ- 
ence of fize might arife from portions of femen 
attached to them; but I was now convinced it 
could not be the cafe; becaufe when the feminal 
fluid was completely diffolved, they retained the 
fame fize, though tranfmitted through another 
fluid. Fig. 2. pl. 2. Motion ceafed two hours 
after taking the femen from the body. 

The feminal fluid of a man was like milk ready 
to coagulate, March 8 (1). A fmall portion 
taken for examination, prefented a fingular phe- 
nomenon. Four corpufcules were attached, by 
the filaments, to a diflolving clot. They feemed 
to make every effort to difengage themfelves from 
this meumbrance, by many motions and contor- 
fions ; afcending, defcending, now turning to ei- 
ther fide, now remaining motionlefs; the filg- 
ment fometimes defcribing a curve, and fome- 
times extending in a ftraight line. Amidft the 
ftruggles one difengaged itfelf, and began to 
fwim like the reft, with an oicillatery and pro- 
greflive motion. ‘The other three corpufeula, one 
after another, did the fame, and the clot a 
ly diffolved. 

The novelty of the phenomenon made me de- 
firous to examine whether other ovular corpuf- 
eula could be found in fimilar fftuations in 

molecules 


(z) Thermometer 519, 
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molecules of femen incompletely diffolved. In_ 
fome they were free, and fwam in the place of 
the clot diflolved ; others were attached by the 
appendage to what part of it was entire, and 
endeavouring by great exertions to difengage 
themfelves. When altogether detached from the 
-fpermatic molecules, they fwam about in the fluid. 
I found fomething more. A clot was partly in 
filamentsy many ovular corpufcula. appeared a- 
bout esr notwithitanding their exertions, 
were unable to accomplifh their liberation. ‘In. 
this femen they lived about two hours and a 
half. | : a 
When I took the feminal fluid from a dead 
human body, moft part feemed diffolved (1). 
Meny corpufcula furpafied the common fize. 
Here my object was to fearch. with all pofible 
care for what had been feen im the courfe of the 
preceding obfervation ; and I faw the whole, ex- 
cept the phenomenon of corpufcles, attached to 
clots, which could not happen as the femen was: 
entirely diflolved. Some corpuicula continued to’ 
move for three hours. 

In the examination of this hime ie fluid (2), 
which was at firft a little thick, I accidentally 
difcovered a method of obferving the corpufcula 

and. 


(1) March 27. The T hermometer 54° 
(2) April 15. The Thermometer 69°. 
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and their appendages with much greater conve- 
nience and precifion. As the thicknefs of a clot on 
a talc flider prevented me from feeing it diftinaly, 
I {wept it with a hair-pencil; but the talc was 
not fo clean that fome little portion of {perma- 
tic matter did not remain which dried in a mo- 
ment. I cannot fay what induced me to examine 
the talc again with the microfeope, but I there 
found what could never have been fuppofed. 
Scores of corpufcula were vifible, and the whole 
motionlefs becaufe they were dry; they were very 
diftinct and free from any mixture with the {pers 
matic matter, The appendage of fome was curved; 
of others ftraight, and nearly of the fame length in 
all, that is, about fix times the length of the bo- 
dy; not much pointed at the extremity, and 
thicker as it approached the body; and it was 
evidently perceptible, that the corpuicule or bo- 
dy made one whole with the appendage, which, 
in the thickeft part, was thrice as {mall as the 
body, and even more. Each corpufele was fome- 
what like the red globules of bleod, but final. 
ler. Both the appendage and the corpufele feem- 
_ ed to be compofed of an homogeneous fubftance. 

After this fortunate event, I frequently wiped 
the tale bearing drops of femen, and conftantly 
faw the spr onio with equal precifion, ‘They 
remained dry on the tale feveral days without any 
change of figure. 


Vou. I. st 3 I 
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‘I wifhed to proceed rigoroufly with my ‘refear- 
ches, as it appeared that the refults hitherto ob-- 
tained were infufficient to -beftow. the character of 
real animals. on. the corpufcula. We have not 
had that aflemblage of charaéteriftic marks to 
decide their animality. Doubtlefs however we’ 
may name them felf-moving corpufcula, or pof- 
{effing a fpontaneous motion ;- for the. teftimony 
of our fenfes will’ not’ permit us-to believe this 
double motion of ofcillation and progreflion the: 
-effect'of any external caufe. The fequel-of the: 
Tract will:make. us more intimately acquainted 
with their nature.. 

Thefe obfervations: likewife. demonftrate an- 
other fact, that the duration of: motion,.after the 
corpufcula come from. the body:of the animal, 
depends in a certain degree on the temperature’ 
of the atmofphere. At 36°, all motion was gone 
in three’ quarters of an hour; at 48°, in an 
hour and a half ;. at 49°,-in two hours; at 51°, 
in two hours-and a half ;-at. 54°, in three hours ; 
and at 60°, only. after three hours and three 
quarters. | | 

Thus [remarked that motion continued long. 
er as the temperature of the atmofphere increaf- 
ed; and examining human femen,. in. the wars 
mer months, to learn. whether. the phenomena: 
already witnefled might be then obferved, 1 had 
the fatisfaction of feeing them again. The du- 
ration of motion conftantly increafed as the heat. 

was. 
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was greater ; fo that when the thermotneter rofe 
to 81°, in the middle of fummer, our corpufcula 
moved feven and three quarters, even eight 
hours. While this heat continued, the experi 
ments were varied.—A portion of feminal fluid, 
taken from a man, was expofed to the air of an 
apartment where the thermometer ftood at 82° 
and another portion put in a cave, where the 
heat was 66°; a third in an ice-houfe, where the 
thermometer ftood at 42°. Here the corpufcula 
moved an hour; in the eave, four nea ; and i in 
the apartment, eight. | 
Each of the fluids hitherto examined was full 
of moving corpufcula. The fmalleft drop in- 
cluded an innumerable multitude: 
After the feminal fluid of man, that of the 
‘horfe was examined. No method of obierving it 
could be more proper, as it was always obtained 
at the moment of copulation. I ufed the femen 
of different horfes:—The firft was without clots, 
very fluid, and of a light cinder colour (1). . The 
corpufcula were not fo numerous as thofe of hu- 
man femen: there was no difference that I could 
difcover; except that thofe of the horfe were a 
little larger. The appendage is more vifible, pro- 
bably from being thicker; it is diftinétly and 
completely feen, though immerfed in the feminal 
lymph, fig. 3. Their ofcillatory motion is not 
| T 2 fo 
(1) tr March, the thermometer, from a cold north 
wind, only at 4 3°. 
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fo great as that of the humar corpufcula, whieh 
may be the reafon why they advance further in 
the fame time: their progreffive motion is quick- 
er, and fometimes: faltatory. The fize of all is 
not the fame, nor do the whole die in the fame 
time. A few have continued meving more than 
an hour ; the greater part died in three quarters ; 
and fometimes, but feldom, they did. not live 
above half an hour. When motion ceafes, they 
remain entire, with the appendage extended in a 

ftraight Hine, or a little curved. een 
The femen of the horfe is very glutinous and. 
filamentous(1). ‘There we fee the corpufcula ate 
tached by the body, and particularly by the fila- 
ment, to various irregular fubftances mixed with 
the fluid; and, unable to difengage themfelves, 
the fubftances are fenfibly agitated by their 
motion. Thus it is that in feveral places 
corpufcula are feen attached together, which 
might induce us to think them. larger than the 
reft: but, with attention, the two feparate ap- 
pendages-are foon perceived, each ofcillating by 
itfelf ; and if the obfervation is prolonged,. it is. 
not uncommon to fee the bodies divide and form. 
two. diftinéé corpufcula. [am well affured it is 
not an optical illufion, regarding the corpufcula. 
of a different fize, but a pofitive fad. Some 
were a.third larger than the reft ; which diverfity 
was 


(1) 22 March, the thermometer 57°. 
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was remarked in a former obfervation, 11 March. 
I particularly attended to the diminution of their 
motion, im proportion to the time that the fluid 
had been expofed to the air. Scarcely has it 
come from the animal when the corpufcula are 
feen in great agitation, darting through it with vaft 
rapidity, and ofcillating to both fides. This ac- 
tivity infenfibly decreafes ; fo, that if they at firft 
defcribe a certain given {pace in a fecond,—in a 
_ quarter of an hour, they do not traverfe a third 
of it in the fame time. The arcs of ofcillation 
become fucceffively fmaller; and at laf, the mo- 
tion of the corpufcula is reduced to a languid 
vibration of the body and appendage, without 
any change of pofition. ‘The vibration difap- 
pears, and the appendage remains extended in a 

ftraight line, after the manner of thefe beings. 
Many aquatic animals of the apodal clafs tranf 
port themfelves by contorfions of their members 
vibrating and ofcillating from fide to fide: and 
indeed one can pofitively affirm, that the anterior 
part of the body is pufhed forward, and moves 
progreflively by the contorfions and ofcillations 
of the pofterior part. I paid the ftriG@eft atten- 
tion te difcover whether the anterior part of the 
corpufcle was pufhed forward by ofcillations of 
the appendage. When in very rapid motion, 
the quicknefs of the mutual vibrations of the bo- 
dy and appendage render it impoffible to be dif- 
3 : tingtly 
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tinctly obferved ; but, beginning to relax, we 
eafily fee their mode of advancing, and that it is 
the fame with that of the aquatic animals juft 
mentioned. When the appendage ceafes to olcil- 
late, progreffion alfo ftops, but begins again 
when the ofcillations recommence. I made thig 
important obfervation, not only on the corpuicula 
in the feminal fluid of the horie, but on thofe of 
the human femen, and of all the animals I fhall 
afterwards name. The motion here did not con- 
tiue above an hour and a half. 

The corpufcula of the two portions already 
fpoken of were very numerous; ina third por- 
tion they were rare, but perfe@ly fimilar both in 
figure and properties. ‘Their motion continued 
eight hours (1). 

I examined the femen of other fix bbe The 
corpufcula, except in being more or lefs nume- 
rous, were exactly like the preceding, therefore - 
it is needlefs to defcribe them. When the femi- 
nal fluid is mixed with water, or even with fali- 
ya, all inftantly become motionlefs. 

The feminal fluid of the bull contained moving 
corpuicula in numbers furpafling thofe in the 
human femen (2). The appendage is longer 
than that of the human feminal corpufcula, and 
ihe body alfo feems a little larger, fig. 4. Pl. 2. 

The 


{1) May 2, the thermometer 64°. 
£2) March 30, the thermometer 57°. 


I. -SEMINAL VERMICULI. 295 


The whole length, to the extremity of the appen- 
dage, is diftin@ly.feen, though deeply immeried 
in the feminal matter, whichis perfectly fluid 
and of a-whitith colour. Here likewife is pro- 
greflion while .the appendage ofcillates. ‘This 
motion.is different from that of the human cor- 
pufcula: it is much more rapid, and fulpended 
for fhort intervals, which is not to be feen in the 
others. The fmall quantity of the.femen of the 
bull which I had on this occafion prevented me 
from extending my refearches farther. 

At another time, having abundance, I was 
more able to fatisfy my curiofity (1). Befides the 
_phenomenabefore defcribed, I remarked, 1. That 
the corpufcula both fwam horizontally, and rofe 
and funk in the femen, as fifhes do in water; 2. 
When the fluid dried, their motion was 1rrecover- 
ably gone; 3. In times of equal heat, they mov- 
ed quicker than thofe of man or the horie ; Ae 
The mixture of every kind of water, .even of fa- 
liva, was fatal to them. Similar phenomena were 
obferved in the feminal: fluid of other three bulls. 
Thad the femen from all thefe at the moment of 
copulation. 

The .tefticles of a dog, alive and in perfect 
health, being opened, the epididymis was full of 
femen, a little vifcous, very thick, and of a dark 
ath. colour (2). The thicknefs prevented me 

he oath from 
(1} May 30, the thermometer 68°. 
(2) February 14, the thermometer at 48°. 
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fromm feeing the corpufcula accurately. Only a 
confufed agitation of the fubftance was perceived, 
which ceafed on mixing the femen with water : 
the corpufcula now become motionlefs were dif= 
tinctly feen. I then fufpeCted they had been the 
caufe of the agitation, which- mixture with water 
had deftroyed: my fufpicions were confirmed on 
mixing faliva with the femen, for the tumultous 
motion continued.—I faw it was produced by pro- 
digious numbers of corpufcula. The reader will 
not be furprifed if nothing is faid of their figure, 
fize, and motions, as it would be repeating all 
that [have faid of the human corpufcula ; for 
thefe of the dog moft exa@ly refemble thofe in 
the feminal fluid of man. In three quarters of 
an hour, they became motionlefs. 

The femen of a dog, which I procured at the 
moment of copulation, was a little vifcous, and 
like turbid water(1). The moving corpufcula 
were not fo much immerfed as in that taken 
from the epididymis: and it was unneceflary to_ 
ynix it with any other fluid to fee them. Every 
part was {ufficiently vifible, and their motion very 
rapid, but the velocity infenfibly diminifhed ; and 
two hours after the fluid came from the animal’s 
body, all motion was at an end: the corpufcula 
for 


(1\ April 27, The thermomteter 61°, 
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for the moft part remained with their appendages 
extended in a ftraight line. 

Thefe experiments were repeated on attier five 
dogs, and the refults found perfectly alike. 

If between the human and canine corpufcula 
no difference has béen difcovered, neither has 
any been feen in the rabbit, except that the body 
and appendage are a little lefs) Though I ob- 
tained the fluid in fummer by fpontaneous emif- 
fion, their motion did not continue half an 
hour; and, repeating the obfervation in winter, 
they ceafed to live in ten minutes. 

Nine hours after a ram was killed, I opened 
the tefticles, and exprefled the fluid into a watch 
glafs(1). All the corpufcula were motionlefs : 
they were larger, therefore more Sal feen than 
thofe of the dog or man. 

In the feminal fluid of a living ram, all the 
corpufcula were in motion(2). The oval part 
or body of each corpufcle fometimes immerfed 
itfelf in the fluid and efcaped the eye, and fome- 
times came to the furface. ‘Their properties re- 
fembled thofe of others, if we add a certainy | 
gentle vibration and a little more activity. When 
the corpufcle contracted itfelf, the appendage 
was lefs curved. The duration of motion wags 


much, 
(1) May to, The thermometer 66°, 
(2) June 18, The thermometer 6@°, 
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much lefs than in many others: though the « ' 
heat of the atmofphere raifed the thermometer to 
66°, all ceafed to move in half an hour. 

The epididymis of another living” ram was 
examined (3). ‘The quantity of feminal fluid was 
fo great as to fill two-thirds of a watch-glafs. 
Viewed with.the naked eye, it feemed in conti- 
nual agitation, notwith{tanding the glafs was fi- 
tuated on an immoveable plane. A drop was 
examined with a magnifier of fmall power: the 
whole feemed in motion: and the microfcope 
proved that this was produced by the agitation 
ef the corpufcula alone. They hardly moved an 
hour. : 

After examining the feminal fluid of fo many 
‘warm blooded animals, I determined to examine 
the femen of fome whofe blood is cold. 1 began 
with fifhes; and for this purpofe the experi- 
ment was delayed until they fpawned. The 
milt of a living carp being taken, and the 
fluid expreffed into a veflel, it appeared tena- 
cious, thickifh, and of a dull white. Many . 
moving corpufcula were feen, but I could not 
obtain diftin® vifion until the denfity was di- 
minifhed by water. Here was a new fcene: ° 
the corpufcula were no longer compofed of two 
parts, a body and an appendage, but a united 
‘avhle ref e mbling minute {pheres, and apparently 
folid, 


* {a) July 15, The thermometer 77° _ 
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folid, Pl. 2. fig. 5. Thefe fpherules, of a darkith 
colour to the eye, fwam through the liquid in 
every direction, advanced, retreated, mutually 
avoided each other, immerfed themfelves deep in 
the fluid, and ceafed to move ina moment. In 
a word, they had many motions and properties 
peculiar to infufion animalcula. Their number 
was infinite: their courfe continued a quarter of 
an hour, then they {topped and moved no more. 
I repeated the experiment five times, exprefling 
the fluid of the milt anew, and the confequences 
were the fame. If any frefh liquid was mixed 
with the femen, I was fure of putting the {pheri- 
cal corpufcula in motion, or rather of increafing 
their motion; but, if the liquid was ardent or 
corrofive, inftead of being increafed, it was de- 

{troyed. 
| Having at that time water newts, I cut the tef- | 
ticles of a male in pieces, and exprefled the fluid 
which was thick and glutinous. Applied to the 
microfcope, the appearance changed ; - there was 
an immenfe number of long flender corpufcula. 
Some were extended in aftraight line, others curv- 
ed, fome folitary, others entangled like a fkein of 
thread, Lexamined thofe that were fingle as the 
moft eafily diftinguifhed. Each corpufcle was 
compofed of a body and a very long appen- 
dage, fig. 6. They moved with difficulty, the 
greater part of the niady being immerfed in the 
vilcous 
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wifcous fubftance. Being diluted with common 
water, they all began to traverfe the liquid. As 
jt was at perfe& reft, and no external caufe ap- 
“pearing to act upon the corpufcula, I was inclined 
to think this motion fpontaneous and peculiar to 
them. My opinion was afterwards confirmed by 
difcovering the efficient caufe of motion. With 
ftedfaft attention, two rows of minute points on 
the fides of the appendage were obferved moving 
like moft minute oars, fig. 7. and then it was that 
the fituation of the corpufcle changed ; but when 
their motion ceafed, it alfo ceafed to move. 

When the mixture of femen and water dried 
ap, the motion of the corpufcula was irrecover- 
ably loft, though again wet with frefh fluid. 

Similar experiments were repeated on femen 
taken from the tefticles of other newts, and with 
the fame refults; but, on diluting it, the corpuf- 
cula often collected in numbers, placed them- 
felves parallel to each other, and bent into a cir- 
cle. When all colle&ted, they bent themfelves 
fo much that the point of each appendage almoft 
touched the oppofite extremity of the body. In 
this pofition, they began to revolve round a com- 
mon center like a reel, and continued for fome 
time. 

1 found corpufcula not only i in the tefticles of 
newts, but alfo in the vafa deferentia. Thefe veflels 
relemble two very white little pipes, running along 

rhe 
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the middle of the fpine. One end is fixed near the 
Head of the animal; the aperture of the other is 
evidently in the cloaca, through which the excre- 
ment pafles. The veflels are alwzys full of fe- 
men, particularly while the males fecundate the 
eggs of the females. The femen is very white, 
ike milk, and the number of corpufcula it con- 
tains is fo great that the fluid part is {mall com- 
pared with the mafs they form. They are per- 
fectly fimilar to thofe in the feminal fluid of the 
tefticles ; with this difference, however, that 
neither water nor any other liquid is requir- 
ed to increafe their motion. In the femen, they 
naturally move with the quicknefs of the corpuf- 
eula in fluid from the tefticles diluted with water.. 
The corpufeula of the vafa deferentia retain mo- 
tion much longer than thofe of the tefticles; yet. 
it is far from equal to that of the human corpuf- 
eula, thofe of the horfe and other animals. [ 
have always found them in male newts in every 
feafon of the year. 

By exprefling the feminal fluid from the tefti- | 
eles of frogs, it is vifibly full of corpufcula. They 
are’ infinitely fhorter than thofe of the newts. | 
They have progreflion, and in advancing make 
gentle vibrations. They are of a long elliptical 
fhape, and very foon ceafe to move, fig, 8. Plate 
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CHAP. II. 


THE PRECEDING OBSERVATIONS COMPARED WITH 
THOSE OF LEEUWENHOECK.—-CONFUTATION OF 
SOME OPINIONS CONCERNING THE NATURE OF 
SEMINAL VERMICULI. 


Avrree this courfe of obfervations on the femi- 
nal fluid of man and different animals, I determin- 
ed to read and confider what Leeuwenhoeck and 
Buffon had written, two authors who, more than 
all others, had made this fubjeét their particular 
ftudy. Several years had elapfed fince I read their 
difcoveries on feminal vermiculi, fo that only a 
general idea of their opmion remained. I even 
wifhed to profcribe that remembrance, and in- 
thefe refearches, to have my mind as a pure tab- 
let, the more fit to receive the real impreffions 
of what my eyes might behold without any pre- 
poffeffion for the obfervations of others. 

I fhall begin with Leeuwenhoeck ; and that. 
the reader may have before him the real fenti- 
ments of this naturalift, and that he may com- 

| pare 
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pare his obfervations with mine, it is neceflary to’ 
tranfcribe fome of the chief paflages where he’ 
{peaks of fpermatic vermiculi. M. de Buffon 
has, before me, employed part of the paflages to- 
compare his own obfervations with thofe of this: - 
eminent obferver,—and. here I have the pleafure 
of following’ his example. 

The excellent Dutch: microfcopift fent a com- 
munication of his. difeoveries on the human fe-- 
men to-Lord Brounker, Prefident. of the London. 
Royal Society, 1677. ‘* Poftquam excellentiffi- 
mus dominus Profeffor Cranen me vifitatione fua:_ 
faepius honorabat, literis rogavit domino Ham. 
Cognato fuo, quafdam obfervationum mearum vi- 
dendas darem. Hic-dominus-Ham me: fecundo 
invifens fecum in-lagenula vitrea femen viri go- 
norrhcea laborantis, fponte diftillatum attulit, di- 
cens fe poft pauciflimas temporis minutias (cum 
materia illa jam in tantum effet refoluta, ut in fif- 
tulae yitree immitti poffet) animalcula viva in eo 
obfervaffe,. que caudata, et ultra 24 horas non 
viventia judicabat. Idem referebat fe animalcula 
obfervafle mortua poft fwumptam ab. aegroto te- 
rebinthinam. Materiam praedicatam fiftulae vi- 
treae immiflam, praefente Domino Ham obfervavi,, 
quafdam in ea creaturas viventes; at poft decur- 
fum 2, aut 3 horarum eandem folus materiam 
obfervans, mortuas vidi.. | 

Eamdem 
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. Eamdem_ materiam (femen virile) non xgroti 
_alicujus, non diuturna confervatione corruptam, 
vel poft aliquot momenta fluidiorem factam, fed 
fani viri ftatim poft ejectionem ne interlabentibus 
quidem fex arterize pulfibus, feepiufcule obfervavi, 
tantamque in ea viventium animalculorum muiltt- 
tudinem vidi, ut interdum plura quam tooo it 
magnitudine arene fefe moverent 5 non in toto fe- 
mine, fed in materia fluida crafliori adhaerente in» 
gentem illam animalculorum multitudinem obfer- 
vavi; in crafliori vero feminis materia quafi fine 
motu jacebant, quod inde provenire mihi imaginas 
bar, quod materia illa crafla ex tam variis inhereat 
partibus, ut animalcula in ea fefe movere nequirent; 
minora globulis fanguini ruborem adferentibus 
hec animalcula erant, ut judicem millena millia 
arenam grandiorem magnitudine non aequatu- 
ra(1). Corpora eorum rotunda, anteriora obtufa, 
pofteriora ferme in aculeum definentia habebant ; 
cauda tenui, longitudine corporis quinquies, fex- 
iefve excedente, et pellucida, craflitiem vero ad 
25 partem corporis habente praedita erant, adeo 
ut ea quoad. figuram cum cydaminis minoribus 
longam caudam habentibus optime comparare 
queam : motu caudae ferpentino, aut ut anguil- 
lae in aqua natantis progrediebantur; in materia 
vero aliquantulum crafliori caudam oties, decief- 
que quidem evibrabant, antequam latitudinem 
| | capilli 

(1) Leeuwenhoeck’s calculations of the minutenefs of 


animalcula are generally received ; but in my opinion they 
are very hiable to objection. —T’, 
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‘capilli procederent. Interdum mihi imaginabar 
“me internofcere pofle adhuc varias in corpore 
“horum animalculorum partes, quia vero continuo 
-eas videre nequibam, de iis tacebo (1). 

‘Vhefe obfervations were accompanied by o- 
‘thers, written by Leeuwenhoeck to the Secretary 
of the Royal Society, 1678. He compofed them 
‘pecaufe fome perfon had ‘fuggefted:to him to ex. 
amine the feminal fluid of animals. “Si quando 
canes coeunt,’” Leeuwenhoeck anfwers the Se- 
cretary, ‘** marem a‘femina ftatim feponas, ma- 
‘teria quedam tenuis, ‘et aquofa (lympha {cilicet 
‘{permatica) e pene folet paulatim extillare ; hanc 
-materiam numerofiffimis’ animalculis repletam 
-aliquoties vidi, eorum magnitudine, que in 
femine virili confpiciuntur, quibus particule glo- 
bulares aliquot A sot ghd ‘majores permifce- 
‘bantur. 

<A -cuniculorum coitu lymphe fpermaticze 
‘guttulam unam, et alteram e feeméila extillantem 
-examini fubjeci, ubi animalia pha in peal | 
fed longe pauciora comiparuere.”’ ) 

In the fame year, 1678, Leeuwenhoeck alfo 
‘communicated to the Royal Sotiety the animal- 
cula he had found in the femen of the dog.---- 
<¢ Seminis canini tantillum microfcopio applica- 
‘tum iterum contemplatus fum, in eoque antea 

defcripta animalia numerofiffima confpexi. Aqua 

‘Vou. I. U pluvidlis 


eft) Philofophical ‘Tranfattions, No. 141, p. 10446 


pluvialis pari quantitate adjeCta, ufdem confeft- 
im mortem accerfit. Ejufdem femjnis canini 
portiuncula in vitreo tubulo unciz partem duo- 
decimalem craffo fervata, fex, et triginta horarum 
{patio, contenta animalia vita deftituta pleraque, 

reliqua moribunda videbantur.”’ | 
He confirmed his difcoveries during the fl. 
lowing years, and made additions to them. In 
a letter to Mr Wren, 1683, he thus exprefles 
himlelf refpecting the feminal vermiculi of frogs : 
ee Hic animalculorum numerus erat tantus, ut cre- 
dere fubiret ad quodvis femelle ovulum a maf- 
culo emitti forte rococo talium animalculorum, 
quz in femine ejus continentur.’”’ And in the 
year 1699, writing to the Royal Society on his 
theory of feminal vermiculi, fome of which he 
believed male and fome female, he proceeds ; 
<< Si porre his addamus, quod me antehac in ob- 
fervationibus meis animadvertere cenfui inter ani- 
malcula ex femine virili quedam apparuifle, que 
aliquantulum ex fe mutuo differre videbantur, 
unde concludere non yerebar, alterum genus 
mares, alterum vero faemellas repraefentare, atque 
f cogiteraus idem in omnibus feminibus mafcu- 
linis locum habere, nullus video, &c.”? ‘There is 
ancther paflage coinciding with this: “ Sed jam 
ubi etiam in feminibus mafculinis animalium, 
avium, pifclum, imo etiam infectorum reperi ani- 
malcula, multo certius efle ftatuo, quam antea, 
hominem 
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hominem non ex ovo, fed ex animalculo in fe- 
amine virili oriri; ac praefertim cum reminifcor, 
me.in femine mafculino hominis, .et.etiam canis 
svidifle duorum generum animaleula. Hoc vi- 
dens mihi imaginabar, aiterum genet efle mafcu- 
jinum, alterum feemininum.”’ 

In 1701, Leeuwenhoeck wrote «to. ae Royal 
Society in thefe words: “Die Julii 2'7,circa horam 
monam velpertinam accepi tefticulos juvenis ari- 
etis. Cum vero Janius hifce tefticulis primam 
detraxiffet cutim, feu membranam, ego ‘vicillim 
quoque eos altera privavi membrana, wut hac -rati- 
vone vala feminifera nuda wifui expefita jacerent. 
Primo ergo aperui vafa feminalia in tefticuli parte 
exterior’ fita, iifque exemi femen -maiculinum 
(quod nudo obfervatum.oculo album reprectenta- 
bat colorem) i!ludque microfcopio appofui, at- 
que hoc pacto oculo admovi, «quando mihi ani- 
malcula feminalia tam {tupendo.apparuere nume- 
ro, ut vix fidem apud quemquam, nifi teftem 
oculatum, inventurus fit. Haec animalcula nu- 
bium in morem integris agminibus inter fe-vaga- 
-pantur, natitabantque, quorum ‘muita eodem ten- 
dere natatu videbantur, ut mox aliquot millena 
fefe.ab uno agmine feparantia alteri fefe agmim 
adjungebant, iliudque fequi videbantur.” 

A little lower he adds, *‘ Haec vero animal- 

-cula nuper a me obfervata caudas habent juxta 
corpus crafliores, atque fenfim fiunt tenuiores, 
D2 adeo 
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adeo ut earum extremitates ubi materia, cui ani- 
malcula infunt, atque innatant, paulo denfior eft, 
vifum plane effugiant ; atque fic horum animal. 
culorum caudae fabrica plane convenit cum om- 
nium pifcium caudis.”? 

-Refpeéting the nature and properties ea ‘{per- 
oatic vermiculi, thefe are the words of Leeuwen- 
hoeck : ‘ Quotiescumque animalcula in femine 
mafculo animalium fuerim contemplatus, at- 
tamen illa fe unquam ad quietem contuliffe, me 
nunquam vidifle mihi dicendum elt, fi modo fat 
fluidae fupereflet materia, in qua fefe commode 
movere poterant ; at eadem in continuo manent | 
motu, et tempore, quo ipfis moriendum, appropin- 
quante, motus magis, magifque deficit, ufque 
dum nullus prorfus motus in illis citi eine 
ht @ tp Pie: : | ; , 

From thefe quotations, it may be eafily feen, 
that Leeuwenhoeck and myfelf have remarked the 
tame facts in the animals of human femen. This 
obferver calling them .animalcula or fpermatic 
vermiculi,. We both agree, 1. on affigning the 
fame figure to the corpufcula in the feminal fluid. 
of man, the ram, the dag, and rabbit. In my del. 
cription of them, I have faid they feemed compofed 
of two parts, a — and an appendage. Leeuwen- 
hoeck alfo acknowledges the exiftence of thefe 

: | parts. 


(1) Leenwenhotck Opera, vol. 1. 
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parts. 2. That we agtee concerning the fize of 
the body, the length, the figure, and proportions 
of the appendage, will farther appear from the 
defigns he has given of the f{permatic vermiculi 
of man and other animals. 3. We have each dif: 
covered a prodigious number of beings in the fe- 
men: We have rematked the fize of fome dif- 
ferent from that of the reft : We have alfo al- 
lowed them the fame propetties; and faid their 
motion in fwitiming was ferpentine like that of 
eels, and uninterrupted unlefs towards the termi- 
nation of life: that the progrefs of the vermiculi 
in the grofler parts of the fluid met with great 
oppofition. But | have obferved all this in the 
preceding chapter. We have both remarked one 
fingularity, that rain water deprived the canine 
vermiculi of motion. I have likewife found the 
fame effe€t on thofe of the ram arid man even 
from other kinds of water, as dunghill, ice, fnow, 
and river water. I have conftantly remarked, 
that when motion ceafes, the appendage never 
encircles the body, but always remains extended 
in a ftraight line, or in one very little curved; a 
fact obferved by Leeuwenhoeck, as appears from 
his engravings of the vermiculi of the dog and 
the rabbit. When he means to reprefent them 
dead, he exhibits the appendage extended ; if he 
means to reprefent them alive, it is with the = 3 
pendage curved: Ty we 
Therefore the moving corpufcula found by is me 
U 3 in 
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in the femen of man, the horfe, the bull, the deg, 
the rabbit, the ram, newts, and frogs, are precifely 
the beings: which Leeuwenhoeck terms worms’ 
or {permatic animals.. The laft appellation thal 
alfo be ufed, not only to {peak in the language of 
this naturalift,, but becaufe I eftcem the fats re- 
lated fufficient authority to beftow the name of 
animals on them. Spontaneous motion and 
contorfions of the body, by means of which they 
move from one place to another, are charaCterif- 
tics fufficiently decifive of animality. — Of this we 
fhall have more eonelisfive evidence in the fe+ 
quel. | 
What. has Been bid § is enough to fliow how 
erroneous the opinion of Sir Charles Linnzus: 
mutt be; when he maintains that the vermiculi: 
are only’ particles of inert matter fafpended in the. 
fluid, and put in motion by heat.. As- the celebri+ 
ty of the Swedifh: naturalift might induce us to 
fuppofe that he does: not. advance: this without 
foundation, the reafons which made him deter- 
‘mine to:adopt his:fentiments fhould be mention- 
ed; and that none of their force may be loft, I 
fhall give them. fuch as. they have been written. 
by the author himfelf in a Latin Thefis, while he 
was Prefident 1759, entitled Generatio Ambige- 
na. ‘* Vermiculos feminales Leeuwenhoeckii vi- 
vos effe vermes, in omni genitura prolifica maris 
praefentes, ad noftra tempora firmiter fatis credi- 
: diz 
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dit orbis eruditus. N. D. Praefes Lugduni Bata- 
vorum 1737, commoratus curioforum quorun- 
dam amicorum, et commilitonum utebatur con- 
fortio, quales erant J. Fr. Gronovius Florae Vira 
ginice auctor, hodie Conful Leidenfis; D. V. 
Swieten, hodie liber Baro, et Archiater Impe- 
ratoris ; Ifaac Lawfon, pie memorize Scotus, 
Med. exercitus Angliae. D. Lieberkuhn, p. m. 
Berolinenfis ; ID. Kramer, auctor libri artis Doci- 
matticee ; Joh. Bartich, p.m. Regiomonte Boruf- 
fus, med. Surinamenfis; et D. Abrah. Ens, Pome- 
rano-Petropolitanus. His igitur quodara die con- 
gregatis, oftendebat D. Lieberkuhn preeftantiffi- 
ma fua microfcopia, quem rogabat N. D. Pre- 
fes, ut horum ope vermiculos in cane obfer-: 
vandos praeberet, quod ftatim impetravit ; con- 
templabatur illos adcurate, atque infectorum natu- 
‘re gnarus, ftatim vermiculos hofce Leeuwenhoec- 
kianos non efle corpora orgariis praedita, et ani- 
Mata, atque adeo neque infecta, neque vermes, fed 
particulas motas, quarum motus a calore depen- 
deret liquoris, rotundo ore exclamat, Praeicntes 
omnes attenti hos intuebantur, et oculis fuis alia 
eredere, alii vix quidem videbantur. Conclufionem 
hujus rei in diflertatione de Sponfaliis Plantarum, 
anno 1746, page 24, edidit. N. D. Préfes his 
quidem verbis. ¢ Vermiculi ifti Leeuwenhoecki- 
ani minime funt animalcula proprio, et voluntario 
matu gaudentia, fed corpufcula inertia, quee ca- 
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lidee genituree innatant, non fecus ac -particulae, 
oleofe, quod feleéta. Lieberkuni microfcopia. 
nobis manifefte. oftenderunt.’ . Hoc poltea etiam. 
vidit, et confirmavit fummus Phyfiologus iluft- 
ris D.. V. ‘Hallerus, ut adeo auctoritas vermium 
feminalium - jam _— fere. in. defuetudinem. 
venerit.” 

This fingular opinion. of. Linnaeus was un- 
known to me until communicated ina letter from. 
M. Bonnet, who. tranfcribed. his words.. He, 
undoubtedly from. politenefs, or perhaps with a 
defign to encourage me to profecute my refearch- 
es on {permatic vermiculi, added the following, 
paragraph : ‘You perceive there is here cited. 
‘ the eminent teftimony Oba Gronovius, a, Van. 
< Swieten, a. Lieberkuhn,. &c. and. even that of 
‘Haller. Atfome future period, I fhall write to 
‘ him about it;. neverthelefs, all.thefe authorities 
© could not feak with me,nor, in my view, baw 
‘lance your opinion, becaufe I know you to be 
‘a much better judge of fuch things than the il- 
‘luftrious authors Linnaeus names in his.thefis. 
© You. have paid much more attention to the 
‘vermiculi in queftion, and long ftudied the 
‘ animalcula analogous to them; you. have thus 
‘ obtained a kind of touchftone, which experi- 
‘ ment.more and more improves, and which can 
“never prove deceitful.’ |, | 
es ae Befors 
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Previous to deep confideration of what was ad» 
vanced by Linnaeus, I could not diflemble my 
extreme furprife to fee Haller cited as one of :thofe 
who denied the exiftence of fpermatic vermiculi, 
whereas he had always: been one of their moft 
{trenuous fupporters. His annotations on the 
Le@tures. of Boerhaave, his Elements of Phyfic- 
logy, his Phyfiology at large, in a word,. all his 
works bear the moft manifeft evidence of it.. In 
the fequel of this tract, I fhall have occafion to 
ufe the authority of fo great a phyfiologift. _ 

We fee how eafily. the opinion of the celebrat- 
ed Upfal botanift.is eftablifhed; fcarcely has he 
viewed Leeuwenhoeck’s animalcula when he de 
cidedly pronounces they.are not animals. I leave 
it to the judgment of the learned and impartial 
reader, Whether a hafty glance of. the vermicu- 
li, and of only one {pecies, is fufficient for poft- 
tively deciding their nature, and deciding it better 
than Leeuwenhoeck, who had, during a num- 
ber of years, examined. fo many fpecies with fo 
practifed and attentive an eye. We know well. 
the time and labour that naturalifts have beftow- 
ed:in afcertaining the nature of certain organifed 
bodies doubted whether to-belong to the cla& 
of animals or plants. Yet thefe bodies were not, 
like feminal vermiculi, microfcopic animals; their 
fize admitted of them being completely manipu- 
lated,. and eafily feen with the eye. Linnzus 

fhould. 
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fhould have been better convinced, he who, 
with reiterated examinations and infinite patience, 
has charatterifed fuch a number of bodies in the 
three kingdoms of Nature. _ If his laborious and 
ufeful occupations had left him fufficient leifure 
to penetrate the world of invifibles, where, as the 
illuftrious Muller obferves, one may well be a 
ftranger without a crime (1); and had he applied 
to this fubject with that diligence and acutenefs 
which he has difplayed in his difcoveries in the 
vifible world, we cannot doubt that he would 
have omitted in his thefis the quotations we 
have juft made; for, with an attentive view of 
the feminal vermiculi, he would eafily have feen 
that they do not {wim in the liquid like oleagi- 
nous particles ; but at fome depth, I have had 
eminent proofs of this. Penetrating the firft 
ftratum of the dog’s femen with the microfcope, 
I preffed it downwards fo as to reach the lower 
parts; in each an equal number of vermiculi 
were vifible. The fame method was adopted 

: with 


(1) Le Mundo Invifibili, de quo Difertationem dedit, hofpess 
_ In fa, as far as is known, this very learned naturalift 
never employed himfelf in contemplating invifible ani- 
mals, and his doubt whether infufion animalcula were | 
living beings, or rather cleaginous or faline particles, (a 
propofition difgraceful to our. days,) forcibly convinces 
one of it. ; ? | 
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_ with a confiderable quantity in a watch-glafs. 
‘Wherever the microfeope penetrated, the motion 
of vermiculi was feen. A third experiment has 
demonftrated their prefence at a great depth. A 
thin-fided chryftal tube, half a line in calibre, 
and five inches in length, was filled with femen. 
I held it perpendicular ; and, in this pofition, ap- 
plied a magnifier to the fides, the great tranfpa- 
rency of which permitted me to fee the included 
femen clearly, when the tube was interpofed be- 
tween the fun and my eye. Wherever the lens 
was applied, whether to the top, bottom, or mid- 
dle of the tube, I always faw vermiculi. The 
experiment was repeated with a tube of much 
greater capacity ; it was a third of an inch in dia- 
meter within, and at leaft four inches long, but the 
opacity of the fluid prevented me from feeing the 
vermiculi it contained. However, the bottom, 
being infecurely ftopped, allowed fome drops to 
exude; all were equally full of vermiculi as the 
liquid in the higher part of the tube. The con- 
fequences were the fame on repeating the expe- 
riment with the femen of the dog and other ani- 
mals. 

In the fecond place, had the Swedith feracitie 
beftowed on feminal vermiculi the attention 
they deferve, he rmuft have perceived they are 
not inert corpufcules, but poflefling a fpontane- 
ous motion well characterifed ; that it is regulat-- 

ed 
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ed by the mode. in which they advance; that 
they fwim in the fpermatic lymph, contorting 
and vibrating their parts like many other aqua- 
tic animals; he would not have afcribed their 
motion to the heat of the femen, fince, when 
this is gone, and the heat of the atmofphere only 
remains, which happens a little after the femen 
comes from the animal, the vermiculi do not 
ceafe to move; but their motion continues for 
a limited time ; fometimes feveral days when they 
are included in fmall tubes. Loe 

- In fhort, the fpermatic vermiculi of ee 
fifhes, and newts, completely refute the opinion: 
of Linnaeus. Their feminal fluid being deftitute 
of every fenfible principle of internal heat, as it 
conftitutes part of cold blooded animals, heat 
cannot here be the caufe of the motion of ver= 
miculi, on the contrary, they fhould abfolutely 
be motionlefs. 

All this evinces how much two modern natu- 
ralifts, Valmont de Bomare, and Erneft Afch, 
are deceived in thinking feminal vermiculi do not 
exift in nature, or that they are only the moft 
active parts of the femen; and this they maine 
tain, from their never being able to difcover 
them, notwithftanding repeated obfervation. A: 
fimilar objection had been ftarted, after Leeu- 
wenhoeck’s difcoveries, who was content with re- 
mitting its authors to their ftudies. ‘ Dominos 

 ilos 
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£ illos nondum eo ufque profecifle, ut res rette 
* obfervare valeant.’ I muft be pardoned if 
| make the fame anfwer to thefe new oppo- 
nents ;- for we muft fay their obfervations have 
“been very. unfortunate, their vifion very bad, 
their microfcopes good for nothing, or their 
inaccuracy and inexperience very great in the 
art of obfervation. It is true M. de Bomare af. 
ferts that his eyes are very good, and his micro« 
{copes excellent, and does not hefitate to fay, 
‘ We have repeated all the experiments of ani- 
§ malculifts onfemen; and although our eyes are 
“very good, and our microfcopes excellent, we 
‘ have been able to difcover nothing (1 1).’. Iwas 
almoft prompted to exclaim, May heaven pre- 
ferve us from fuch good eyes and fuch excellent 
microfcopes ; for, with them, we fhould be in 
great hazard of regarding as illufions, the moft 
Deer microfcopical difcoveries which philofo- 
phers have hitherto made; and we fhould have 
to dread that we and our pofterity would be forc- 
ed to relinquifh the profpe@ of making new 
ones! With this acutenefs of vifion, and this _ 
perfection of microfcopes, we fhould. have to re« 
wifit the ignorance of our anceftors in the world 
of invifibles. But I would rather believe M. de 
Bomare’s 


{1) Bomare Didionnaire. Art. Semence. T. 10. p. 42% 
- Edit. d’'¥verdon, 
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Bomare’s fight is'truly very acute, and that his 
‘microfcopes are the moft perfed. What reafon 
can we then aflign for the unfuccefs of his at- 
tempts to fee any thing in femen with all this af- 
fiftance? The conclufion is fimple. — When I 
prefume to affirm his experience is not infinite in 
“the obfervation of fuch objects, Ido not wifh 
to leffen the efteem due to his merit. He has 
acquired the name of a laborious and indefatig- 
able compiler. His Mineralogy, and his Diétion- 
ary, which are an aflemblage of fragments copied 
here and there, will do him that juftice. But no 
one knows that he has been, or that he may be, 
a microfcopical obferver. To make microfcopi- 
cal obfervations with accuracy, many natural and 
acquired qualities are requifite, and many more 
are neceflary to guard again{t being deceived in 
the fubtile refearches after i of infinite mi- 

mutenels....6° » Ppt hth ae a agree ty 
I have frequently, viva voce, - confirmed: the 
difference of fentiment that books afford concern- 
ing the nature of fpermatic, vermiculi, by means 
of perfons whom I made obferve the femen of 
_ man and different animals. Some, though all 
had diftinguifhed ment in other purfuits, were 
certain they faw nothing, notwithitanding they 
looked long at a time through the microfcope, 
and even returned often: to obfervation ; and the 
number of thefe was the ereatelt. Others, after 
very 
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very long and painful examination, feemed to 
perceive an indiftin& obfcure fermentation in the 
fluids. A few could fee the body or corpufcu- 
lum of the vermiculi, but were unable to diftin- 
guifh the appendage: and very few could per- 
ceive their form and all their motions. Thefe 
laft, indeed, were well accuftomed to ftudy mhi- 
crofcopical objects, and might reafonably be call- 
ed profeffional obfervers, Let thofe who deny 
the exiftence of {permatic vermiculi endeavour to 
enter this clafs, and practife on minute objects, 
and I affure them, if they repeat their experi- 
ments on the feminal fluid, they will fee ver- 
miculi as I and Leeuwenhoeck, with many other 
naturalifts, have feen long before. Then, if 
they chufe to communicate their obfervations, 
they will enjoy one advantage; if their previous 
publications excite the compaffion of the learned, 
their future works may perhaps merit. an mo 
gium. 


grap. 
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‘CHAP. III. 
@ BRIEF ACCOUNT OF M. DE 'BUFFON’S OBSERVATIONS 
_.ON SEMINAL VERMICULL—CRITICAL REFLECTIONS 
ON THESE OBSERVATIONS. 


WW. defcend from the obfervations of ‘Leeu- 
~wenhoeck to thofe of Buffon, which, although 
very numerous, eomprehenfive, and fpecific, we 
fhall but abridge. “With the compound micro- 
fcope he obferved the fluid from the feminal vef- 
fels of a dead human body(1). It-was full of 
‘filaments, moving about and branching into many 
parts. The filaments fwelling burft, and many 
ovular corpufcula efcaped, which {till remained 
attached tothe filaments bya thread; then they 
-ofcillated like a pendulum, and during the ofcilla- 
tions the thread extended. The corpufcula, at 
length detached, traverfed the moft fluid part of 
the femen along with their filament, the extreme 
length of which impeded their motion, and they 
feemed to him to endeavour to free themfelyes 
of it. Having diluted the femen with rain water, 
the microfeopic view was better defined. It 
clearly appeared that each ovular corpufculum had 

) i 
{1} Hiftoire Naturelle, tom. 3. edit. 12. 
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a double motion, ofcillation, and progreffion. 
‘In two or three hours the feminal matter acquir- 
ed greater ‘fluidity: the filaments difappeared ; 
‘the number of corpufeula increafed ; the threads 
-contraéted ; ofcillation relaxed; and progreflive 
‘motion increafed. In five or fix hours, “the cor- 
pufcula, having loft the threads, refembled ani- 
mals more than ever; not only becaufe their 
quicknefs in fwimming increafed, but becaufe — 
their courfe was dire€ted to every quarter. The 
fize and figure of feveral feemed to change. In 
‘twelve hours, the aétivity -of the corpulcula was 
“great, and fome revolved upon their axis ; others 
changed from an ovular to a globular figure, un- 
“der the obferver’s eye. Several divided afunder, fo 
that ene formed two. After one day, the num- 
ber diminifhed ; and on the third, none were to 
~be feen. — | " 

‘In other femen, which appeared entirely fila. 
mentous, the ovular corpufcula did not proceed 
from the filaments, but thefe dividing were meta. 
morphofed into corpufeula. They were embar- 
raffled by a thread: the longer it was, the more 
it impeded their motion; but it gradually fhort-. 
‘ened, and was at lait completely deftroyed.---- 
Vheir figure then refembled that of infufion ant- 
malcula: they fwam with a progreflive motion, 
though the thread at firft confined them to Grm- 
ple ofcillation. ) 

Vou. I. x Buffon 
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Buffon having examined a new drop of femen, 
ten or twelve hours after coming from the ani- 
mal, he faw the whole corpufcula proceed in 
crowds from the fame fide where there was a net 
of filaments which continually produced them. 
The fize of the net gradually diminifhed, and at 
length appeared lefs by one half. | 

In his firft obfervation, the author thought the 
corpufcula gradually became fmaller, at the fame 
time he was not certain ; however, another ob- 
fervation convinced him of it. 

He then obferved the feminal fluid of a ti 
Tt was clear, and without filaments. The ovular 
corpufcula almoft refembled thofe in the human 
femen completely, only he found them more ac- 
tive and lefs numerous. On the fourth day, 
very few had threads. 

In another portion of the feminal fluid of the 
fame dog, befide this, he faw corpufcula proceed- 
ing from a mucilaginous fubftance in the femen, 
that feemed internally animated by an inflating 
motion, which induced him to think the mucous 
fwelled in fome parts forming little tumours. All 
thefe corpufcles were without a thread, The 
figure of fome changed: they extended, con- 
tracted, and were inflated; and, amidft thefe 
wonderful operations, divided afunder, each giy- _ 
_ ing exiftence to two corpufcula, whofe figure and 
properties 
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properties were fimilar to thofe of the aenarating 
corpufcles. . 

The French naturalift extended his experi- 
ments terabbits. From the feminal veffels of one, . 
he took the fluid, and, mixing it with water, ob- 
ferved the following phenomena: In three hours, 
the globular corpufcula became fmaller, and thus. 
conftantly diminifhed until the eighth day, when. 
they were {carcely vifible ; but, as their fize di-- 
minifhed, their number and activity increafed ;- 
their figure alfo varied, becoming ovular, {pheri- 
cal, and elliptical. 

He repeated the experiment on the femen of 
another rabbit ejected at the moment of copula- 
tion. Ovular corpufcula were found, fome with. 
a filament, others without it: the fermer greatly 
relembled thofe of the dog and of man, except 
an being lefs, more entire, and the thread fhorter. 
He could not be certain whether he faw real fila- . 
ments, or only faint furrows formed in the liquid. 
by the courfe of the corpufcula. 

The femen of the ram prefented elliptical cor. 
pufcula, without filaments, and equal in fize, 
moving in every direction. 

M. De Buffon alfo examined the feminal fluid. 
' of fome fifhes : of the carp, the pike, and barbel, 
procuring it while the animals were alive. There, 
he found many corpufcula in motion, of a very 
dark colour, almoft black, and extremely mall. 

x 2 Such 
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Such is an abbreviation of the obfervations : 
made on the femen of animals by the illuftrious 
author of Natural Hi iftory ; whence he draws a 
general conclufion, that the corpufcula examin- 
ed and deferibed by Leeuwenhoeck -a century 
ago cannot, with the Dutch obferver, by any 
means be termed fpermatic vermiculi, becaufe 
they poflefs no chara¢teriftics of animality. The 
labour experienced in drawing along their tails, 
im divelting themfelves of them, in changing 
their figure fo often to form anew, before the ob- 
ferver’s eyes, their divifion into parts, and di- 
minution of fize, feem to him peculiarities in- 
compatible with animality. On the other hand, 
not being able to fay they were bodies perfectly 
inert, becaufe he had really feen figns of anima- 
tion, he inclines to conititute them into a parti- 
cular clafs under the name of organic molecules, 
which are particles difleminated throughout mat- 
ter, original, incorruptible, animated, and always 
active. Nor does ‘he hefitate to confide the for- 
mation of the winged univerfe to thefe mole- 
cules. 3 : 

Here I enter not into a. difcuffion on organic 
molecules, but occupied folely with the facts which 
M. de Buffon relates, I fincerely regret that the 
eMfential difference between his account, and what 
Uhave myfelf feen, has made a deep impreflion 
on my mind. It is not that I with to flatter my 

| ie felf 


tT. SEMINAL VERMICULI. 328 


felf my obfervations are of mote value than his; 
from exadtnefs of execution or affiduity in conti- 
nuance. If it may be allowed; } fhall even fay 
they may be preferred from being more nume- 
rous. At the fame time, M. de Buffon’s perfe& 
conviction of the truth of his obfervations : his 
great confidence that the readers who repeat 
them will find them fcrupuloufly exaét: the na- 
tural and decided manner in which hé oppofes 
them to thofe of Leeuwenhoeck; and the errors he 
reproaches him with: all made me judge it poffible 
that the Duteh microfcopift and myfelf might be 
deceived: And this was aided by a eonfideraw — 
tion which, though foreign to the fubjedt, is 
plaufible ; I mean the great reputation and cele- 
brity the French naturalift defervedly enjoys. I 
long hefitated whether to profecute my obferva- 
tions, and fubje& them to as tigorous an exami- 
nation as might be poffible; or whether it might 
be more proper to abandon therm left they fhould 
not be credited from the formidable trial they had 
to undergo. I would actually have done fo, had 
not my illuftrious friend M. Bonnet, who is well 
fkilled in fuch matters, diverted my intention. 
He ftrenuoufly advifed me to ftudy the ferminal 
vermiculi of various animals. 1 replied, it had 
already been partially done, but my labours had 
been fufpended on finding my obfervations fo 
very different from thofe of M, de Buffon, whofe 

X 3 authority 
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authority I refpetted. He had the:goodnefs to an- 
fwer,. © You judge well, my valued correfpond- 
“ent, that 1 am not much furprifed to find you 
‘in oppofition to M. de Buffon with regard to 
© fpermatie vermiculi; nor do E forget, what he 
“has in fome meafure told us, and which I have 
* repeated after him, that his theory preceded his: 
* obfervations. Now you know as well as I do,, 
* that a favoured theory is a mirror which changes 
© the appearance of objects. | 

‘Fear not that M. de Buffon’s authority will 
*in the leaft invalidate the truth of your difco- 
 veries ont feminal vermiculi. You have proved 
* yourfelf an excellent obferver,, and acquired the 
‘ right of being believed.. You have cherifhed no 
“theory, but are fatisfied with interrogating na- 
*ture, and giving the public a faithful account 
« of her refponfes. Philofophers. willalways liften. 
*to you; and they will efteem your obfervations 
© fo much the more certain that you — pa 

* felf to poflefs the art of obfervation.’ 
« Thefe obliging invitations encouraged me to: 
draw my obfervations.from the obfcurity in which 
Thad left them, and to continue increafing them. 
as much as my humble talents would admit. 
‘Without interruption, this was my chief employ-, 
“ment for the greater part of three years. But the 
various facts gradually difeovered, and of which. 
an abbreviated- narrative fhall be given, little cor- 
: refpond. 
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refpond with thofe of M. de Buffon: at the 
fame time, it appeared to me that I had, during 
this long refearch, difcovered feveral reafons 
which might have induced him to think as he 
does. 

One of the principal phenomena which the 
French author confiders as the chief bafis of his 
hypothefis, is the formation of the {permatic ver- 
miculi, being derived from the mucilaginous 
parts of the femen and its filaments, which are 
tranfmuted into thefe animated beings under the 
obferver’s eye, as he has found in the femen of 
man and the dog. Mr Needham readily em- 
braces this opinion: he fuppofes the vermiculi 
do not exift in the femen while in the body of the 
animal, but are formed fome minutes after com- 
ing from it, and when beginning to decompole 
and change by the influence of the air (1). 

In my experiments on femen, related in the 
firft chapter, this formation is not mentioned, be- 
caufe I had not feen the {malleft indication of it. 
Whether the vermiculi were obferved at firft, or 
not till the femen fettled, I never perceived the 
srofs or filamentous parts give exiltente to them. 
it j is true, in the firft courfe of experiments, [ did 
not think of examining this part of the fubjeét 
a ; my attention was not fixed upon it, 
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as it has fince been.in my other experiments. 1. 
have therefore direéted the utmoft.obfervation-to- 
what happened in:the folid or filamentous: part of 
the femen as. it-diflolved, but I-never could fee. 
the prefent production of vermiculi, and have. 
even inconteftible evidence ef. the. reverfe. In 
the mean time, the origin of the French natu> 
ralift’s error has. been difcovered, which will. be: 
demonftrated. by, fome. facts that.I muft be: per-. 
mitted. to detail. . gee Fi | 

From human femen, as- yet. but partially dif. 
folved,. I took two little clots forming a: net of. . 
filaments, and began to. confider them with the. 
utmoft attention. The vermiculi included in the: 
filaments occafioned a-motion; the filaments dif-. 
folved before me, and the two clots: in a few- 
econds became.two drops of femen. It was- 
with fingular furprife I faw the few. vermiculi in. 
thefe drops compared with the numbers obferved 
in others much fmaller, and not formed as they: 
were by diffolution of coagulated femen, but of a. 
portion found, fluid in the.feminal veffels,. 

The experiment was repeated. on a. clot- lefs- 
diffolved. than. the former, and ftill. fewer ver- 
miculi found. ‘Then it began to occur that they: 
perhaps did not inhabit the groffer parts of fe- 
men, but the more fluid.. The fufpicion was. 
ftrengthened on feeing, all. the corpufcula perith. 
when the,fuid evaporated... But. that the fae: 
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might be verified or confuted, I examined many 
elots from each fpermatic fluid, which at firft was 
very difficult to accomplifh ; for the folid and 
eonfiftent parts of the human femen are com- 
monly immerfed in the fluid. parts; even while in 
the feminal veflels.. Thefe trivial obftacles were 
at length overcome. ‘With the extremity: of ‘a 
pair of {mall pincers,,1 took a portion of hu- 
man femen, fimilar to coagulated milk,. from: the 
feminal veffels: as it was moift, I drew it along 
a dry piece of glafs that it might depofit. its hu- 
midity, and then put it into a watch-glafs, at- 
tending its diflolution in order to.apply the mi- 
crofcope.: It was-net without vermiculi. _Com- 
pared-with another portion of the fluid part,. ta- 
ken from the veflels, there was no proportion ; 
the number in the folid was fo much fmaller. ‘en 
in the fluid parts. | 
Thefe refults did. not fasiaty me: the vn ver 
miculi in the folid femen might be owing to fome 
little portion of fluid remaining along with it ; 
and, inftead of finding,few, I-could have withed 
to find none, or almoft none. Having taker 
another clot of human femen from the veffels, £ 
endeavoured, as far as poflible,: to: difengage. it 
from the fluid. that might remain in and about 
it. Here we fhould obferve, en paffant, that this 
operation of, drawing along the folid part, to 
take away the fluid, fhould be performed with 
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great adroitnefs and celerity, otherwife the folid 
part gets time to diffolve during expofure to the 
air; and by drawing it long or flowly over the 
 gilafs, mitead of drying, it always becomes more 
humid. I fucceeded in freeing a clot of femen 
from all fenfible moifture. I put it in a watch- 
_gilafs 5 and, when diflolved, examined it with the 
‘microfcope. The truth is, that here were found 
no vermiculi, nor were any difcovered in other 
clots treated after the fame manner, although 
they were numerous in the fluid parts of the fe- 
men in the feminal veffels of the animal which 
had afforded me the clots. Repetition of fo ime 
portant an obfervation was not delayed: In my 
journal of experiments, I find this has been done 
fourteen times ; in thirteen, the diflolved clots ex- 
Kibited no vermiculi, and only once a {mall num- 
ber in the coagulated clot. 

The feminal fluid of the rabbit is mide par- 
tially coagulated ; therefore, whenever taken from 
the veffels, it afforded the means of repeating my 
experiments. But I have never difcovered ver- 
miculi when the fpermatic lymph could be coms 
pletely taken away. Thefe united facts convince 
gme that the natural habitation of the vermiculiis ~ 
in the fluid part of femen. The fame faéts afz 
certain the degree of credibility we fhould beftow 
on what M. de Buffon fays of their formation. 
Tbis evident, that far from being generated by 

the 
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the folid or filamentous part of the femen diffolv- 
ing, they even do not attach themfelves to it, as 
has been demonftrated. When they are found 
there, it is on account: of the fluid part, which 
is their natural abode, mixing with the folid. 
This is-doubtlefs the caufe of M. de Buffon’s 
error. He faw the thick and filamentous parts 
in motion, and, amidft the agitation, vermiculi 
proceeded from it: he even obferved the num- 
ber increafe, in proportion as the grofs and folid 
parts decreafed ; and remarked that the number 
was greateft when the filaments had entirely dif- 
appeared. Allowing himfelf to be deceived by 
thefe appearances, it was eafy to believe the de. 
compofition of the filaments was the produtive 
caufe. But, in truth, the vermiculi pre-exifted 
m the filaments ; they were concealed and enve- 
loped in the parts immerfed m the feminal fluid, 
and only when difengaged did they become vi- 
fible to the obferver, nearly in the fame manner 
as if one had fteeped a piece of ice in an infufion 
full of animalcula, and taking it out, carried it 
to the fire, as the ice melted, it avould exhibit 
the animalcula that had er wesasien themfelves in- 
to the erevices. : 
M. de Buffon, by a very a experiment, 
might have fatisfied himfelf, that the vermiculi 
-exifted before diffolution of the femen. He 
fhould firft have examined the fluid part, which, 
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on opening the feminal veffels, we find mixed 
with the folid. There he would have found a- 
bundance of vermiculi, though at that) timé 
they could not be produced by the folid femen 
diffolving, fince this folid part only begins to 
diflolve after it proceeds from the animal, and 
experiences the influence of the air. e 
What has already been faid, and what I fhall 
continue to fay, proves the falfity of Needham’s 
opinion, who aflures us the vermiculi are pro- 
duced fome minutes after the femen comes from 
the animal, that is, after it begins to be altered 
and decompofed by the air. Refpecting the hu- 
man femen, it is neceflary to confider whether 
the portion is folid or fluid. If the former, when 
completely deprived of the {permatic fluid, no 
vermiculi are feen, although it remains during 
fome time expofed to the air, and though it 
changes and is decompofed. Jf the latter, ver- 
miculi appear in it before the time required for 
this alteration. It has often happened, that the 
time confumed in taking the fluid matter from 
the veffels; full warm, did not exceed a fecond, 
yet I found the fame number of vermiculi as 
afterwards, even when the fluid had been long 
enough expofed to the air to ines its ayn Sip 
tion. | ne 
My obfervations, on the femen of other ani- 
mals, further convinces me of the falfity of fuch: 
_ 
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an opinion. I prepared a ram, alive and vigor- 
ous, fo that a friend cut the epididymis, which 
is ufually full of femen, and while he cut it, 
one might take a drop of femen, and immediate- 
ly prefent it to the microfcope where my eye 
was kept ready fixed. It may well be feen that 
the time in performing the operation could not 
be fhorter. 1 faw numbers of vermiculi, and all 
very vivacious. This experiment was repeated 
on the femen of a newt, and I fawthe fame. In 
{pring, when the vafa deferentia are full of fe- 
men, it was unneceflary to open the animal to 
obtain it for obfervation ; on. gently prefling the 
belly, it efcaped by the anus where the two veflels 
terminate. 

This animal has afforded me proof ftill. more 
decifive : I let the males fuffer hunger fo long 
that they became much emaciated; the vafa de- 
ferentia then contained a very {mall quantity of 
femen, and from the tranfparency of the tunics 
of the veflels, now rendered yery thin, it might 
eafily be obferved with a magnifier. Opening 
the abdomen, and applying the microfcope to the 
veflels, without affecting or deranging their fitu- 
ation, we faw vermiculi fwimming in the fluid, 
and they were vifible to thofe leaft fkilled in the 
art of obfervation, becaufe, as it has been re- 
marked in the firft chapter, they were infinitely 
longer than others, 

We 
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We may, therefore, conclude, that the {per- 
matic vermiculi of man and animals exift in the 
femen previous to any alteration or decompofi- 
tion by the influence of the air, and that they are 
active in the fluid, even while it is included i In 
the organs of generation, 
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